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PREFACE. 






The object of this book is to present in a simple form 
the method to be employed in the designing of masonry 
arches according to the elastic theory. 

The entire subject of arches has been fully treated 
in the author's Treatise on Arches, in which formulas 
for special cases and conditions are given. Considering 
the fact that masonry arches are constructed of mate- 
rials and imder conditions which are more or less imcer-^ 
tain In character, the tise of comprehensive or rigid for^ 
mulas is not necessary or warranted. Consequently the 
formulas and methods here presented are somewhat 
approximate, but quite accttrate enough for the piupose 
for which they are intended. 

The greater portion of the book is taken up with the 
solution of examples, giving each step in detail so as to 
be easily followed by the imdergraduate or the engineer 

^ who has not the time to review the theory of arches in a 

» comprehensive manner. 

The first and second examples have been solved by a 

'- somewhat longer method than necessary. This method 

was used in order to show clearly the severatl processes and 
checks. 
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IV PREFACE. 

In the third example will be found the simplest solu- 
tion of the formulas for the horizontal thrusts and bend- 
ing moments at the supports presented up to this time. 

The numerical and graphical work has been given with 
such discrepancies as may be expected tmless extraordinary 
care is exercised and many decimal places used. The dis- 
crepancies are of no practical importance, as the results 
are much nearer being exact than any masonry structure 
can be built, so as to fulfil the conditions upon which the 
calculations are based. 

For the benefit of those who desire to follow precedents 
:and as an aid in making preliminary calculations and 
estimates, the general data for over five htmdred arch 
bridges have been given in tabular form with references to 
periodicals, etc., where more extended descriptions can 
be found Without any doubt many errors exist in this 
table, which is quite incomplete in some particulars. The 
data have been derived from many sources and in some 
cases supplied from drawings by scaling and in others by 
catlculations. 

M. A. H. 

Tesile Haute, July 1906. 
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NOMENCLATURE. 




Ha- 

Mi- 

Vi- 

/= 
^and 



Fig. a, 

the horizontal thrust at the left support for any loading in gen- 
eral and in speciaF formulas for vertical loads only; 

the horizontal thrust at the left support for horizontal loads orly; 

the horizontal thrust at the left support for changes of tempera- 
ture; 

the horizontal thrust at the left support produced by the axial 
stress; 

the moment at the left support; 

the moment at the right support; 

the moment at any point having the coordinates x and y; 

the vertical reaction at the left support ; 

the vertical reaction at the right support; 

the span of the arch axis ; « 

the rise of the arch axis; 

y«the coordinates of any point of the arch axis; 

— ^=one half the total central angle subtended by the axis 
of the arch; 

the angular distance to the left of the crown of any point having 
the coordinates x and y; 
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X NOMENCLATURE. 

P=any vertical load; 

Q»any horizontal load; 

a « the abscissa of the point of application of P or Q; 

6» the ordinate of the point of application of P or Q; 

yit yot ^nd ;)^»ordinates locating the true equilibrium polygon for a 

vertical load as shown in Fig. a; 

Xiy xq, and JC2" abscissas locating the true equilibrium polygon for a 

horizontal load (see Art. 22); 

dsif 8s29 etc. « finite lengths into which the axis of the arch is divided; 

8x^ 8s cos <f>; 

8^^ 8s sin <f>; 

Iif l2t etc. » the moment of inertia of the cross-section of the arch rib 

for divisions ^5i, 8s2y etc. 

J J . 8si 8s2 . 
Ji, J2, etc.— ^, -=r-, etc.; 

/i I2 

2*->sign of summation, and when without limits the sum is to be 

taken from o to /; 

2*«sum from o to jc; 
E^the modulus of elasticity; 
i^— area of arch rib at any section; 
«» coefficient of lihear expansion for one degree; 
/^» number of degrees change of temperature; 
^»unit stress in extreme fibers of arch rib; 
^ = unit stress in steel reinforcement in reinforced-concrete ribs. 
Ml M2 Ml . Vi 

Ml M2 A Mi\hi 

Nx^ Vg sin <f>+Hx cos <^» axial or normal stress; 
Tx *■ Vx cos <f>—Hx sin <j> = radial shear ; 

M^-Mi+ViX-Hiy-IPix-ay+JQiy-b); x>a. ... I 

Fi-^^^+/?i+ig| n 

Mx^Mi'\-ViX—hiy+Q(y—b)y horizontal load; 

Mx Mil—x^ M2X mx _,. , 1 J y ni 
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CHAPTER I. 

FUNDAMENTAL FORMULAS FOR THE ELASTIC ARCH. 

I. Angular Distortioii Produced by Bending. — Let Pig. i 
represent an elastic arch which has been distorted so that 
the angle ^ has become <ft — 3^ at a, section having the co- 

Fkj. la. Fw. lb. 




ordinates x and y. Let the length of the section at « be 
talren as ^5 on the neutral axis, and assume that the dis- 
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tortion is confined to this section and produced by bending 
alone. Then, according to the common theory of flexure, 
the distortion of the fibers can be represented by Fig. la, 
and the forces producing the distortions by Fig. i6. 

In Fig. la, if cd represents the distortion of a fiber 
distant n from the neutral axis, cd^ +»( — <*^), ^^ and 
tan i<t> being assumed equal for very small angles. 

In Fig. 1 6, the intensity of the stress producing the 
distortion cd is pn, which may be taken in terms of the 
intensity p upon the outer fiber, or 

np 

The moment of pn about O upon the neutral axis of the 

arch is 

n^p 

and the stun of the moments of all of the intensities is 



a, at CI (^ Oi a 



X9 



where /, eqtials the moment of inertia of the section x, 
and M X the bending moment at this section. 

Let Ex equal the modulus of elasticity of the material 
at this section ; then, since 

rp _ tmit stress 
imit strain' 

' ab -ad<l> - •• P ^'° ds ' 
ds. Ss 
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This expression is not exactly correct, as it asstames 
the length of all fibers before distortion to be 8s, while 
actually each fiber has a different length. Usually the 
depth of an arch rib is quite small in comparison with its 
radius of curvature, so that the error is very small. 

P 
Substituting this value of pm the expression Mg^^I^ 

and solving for 9^^ 

Mjds 



H-- 



EJ 



X^ X 



This represents the change in the angle ^ due to the dis- 
tortion at the section x alone. If the effect of the distor- 
tion at all secticMis from A to B, Fig. i, be represented by 
J<l>, then 

If ^ is the total central angle upon the left of the 

crown and —<f>i that upon the right, then <l>o — <f>i is the 

« 

total central angle. The change in this central angle due 
to the distortions of all sections between o and / (where 
/ is the total span subtending the central angle ^ — 00 
becomes 



«* X 



2. Changes in the Coordinates x and y Produced by Bending 
only. — Let the distortion at the section x be the same as 
in the previous article, and assume the point A free to 
move; then, after the distortion, it would be in some 
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position as C, Fig. 2. x will be increased by dx and y 
will be decreased by dy. 




Fig. a. 

From Fig. 2, 

dy:9v::x:r, or rdy^x9v^xriif>. 

dx:dv':y:r, or rSx ^y8v'^yrd<f>. 

/. dy^xd4> and dx^yd(t>. 

Substituting the value of *^ from Art. i, 



*y 



•X and d% 



£,/; 



EJ 



y. 



«* X 



The total change in x and y due to the distortion of all 
sections between A and B is 

J:y - 2 g. y and ^y^ I ^^.r - 

^ir** -Clr^i, 



If now :*; is assumed to equal /, we may write for the total 
effect of the distortion at all sections upon the span / 

T7 T ' 

If y is asstuned as positive when measured upward 
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and H-C is the value of y when x^l, then, noting that y 
decreases imder the particular distortion assumed, 

3. Changes in x and y Produced by a Direct or Axial Stress. 

— A direct or axial stress is one producing a uniform inten- 
sity at the section being considered; consequently the 
•distortion of each fiber will be the same over the entire 
section (the modulus of elasticity Ex being assumed con- 
stant for the section). 
. If iVa; is the magnitude of the stress and F, the area 

of the section, -^^ =/?o is the unit stress or intensity upon 

the section x. In Fig. 3 let a portion of 
the arch rib ds in length be acted upon 
^yy the direct stress A/',, and suppose this 
stress produces a uniform shortening of the 
fibers ab\ then 



njb 



E, 



£1, 
ab 

Ts 



or ab = 



po9s 



Ex'- 




Fio. 3. 



If lab for all sections between x and o be represented 



Iby As J then 



i5-J>*^ 



Ex 



If X'^ly and since this distortion is in effect a decreasing 
of the length of the arch axis, 

^x 
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In a similar manner 



Also 



j^=-iM£ and Jy-I^. 

^* ^» 



Jl^-l^'"'' 



-Ex ' 
and 

4. Changes in s^ x^ and y Produced by a Rise of Temperature^ 

— Let € -the coeffijcient of expansion for a change of i** in 

temperature ; 
/^=the number of degrees of change in temperature; 
*5=the length in which a tmifonn change of temper- 
ature takes place. Then 



and 



If :r = /, then 



and 



As= 


-ef 


ids, 



Jx= 


-eC 


hx, 



Ay' 


-ef 


hy. 



J5= 


-ef 


Ids, 



41= 


-ef 


Idx, 




Jc= 


-ef 


Idy. 
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5. The Combination of Bending, Axial Thrust^ and Tern- 
perature Effects. -^ Combining the formulas deduced in 
the previotis articles, 

^x^x ^x 



^x^x ^x 



In comparing the above equations with those given in 
the author's "Treatise on Arches," it is seen that the 
signs of the terms containing Mx are of opposite character. 
If we had assumed the upper fiber extended by the bend- 
ing, the signs would have been in agreement. The actual 
sign of the term depends upon Mx^ so the disagreeinent 
is of no importance as long as the terms are consistently 
of opposite signs. 

6. Neglecting the Axial Stress and Assuming the Modulus of 
Elasticity as Constant. — * The effect of the axial stress is 
quite small excepting in arches which are very flat. For 
fixed arches having a ratio of rise to span of * /lo the effect 
of the axial stress is to reduce the magnitude of the hori- 
zontal thrust about 30%, while for a ratio of ^/^q this 
percentage drops to about 10%. Formulas which include 
the effect of the axial stress become somewhat complex, 
and as its effect can be f oimd with sufficient accuracy for 



* Siee "A Treatise on Arches," by Malverd A. Howe. John Wiley & Sons» 
New York. 
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practical purposes by another method, we will omit the 
term containing pQ in the formulas which follow. 

Usually the modulus of elasticity of the material in an 
arch rib is tmif orm, so that it will be unnecessary to con- 
sider ii, as a variable in our formulas. We will designate 
the tmif orm value by E, 

The formulas now become 



^^^A<t>i^^2M^d, 



-I ' 





I ' ' 





•lS a a 



I ' ' 

^0 

ds 
where J in the second member of each equation "y-. 



1 



CHAPTER II. 

SYMMETRICAL ARCHES FIXED AT THE ENDS. 

7. Conditions which must be Satisfied.— (a) The total 
central angle must remain unchanged, or J^— J^/-o; 

(6) The length of the span must remain constant, or 
J/-o; and 

(c) ' The relative elevations of the supports must remain 
xmchanged, or Jc-o. , 

Expressing these conditions in the form of equations^ 
we have from Art. 6 



iM,J-o (a) 



/ / 

iM^yJ-hefEIdX'^o, (6) 





and 



"iM^^J+efEIdy^o (c) 





Prom (I), 





We have three equations (a), (6), and (c), containing 
in Mar the three unknowns Mi, Fi, and //i, and conse- 
quently their values can be determined under the assump- 
tions made. 

9 
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8. Detennination of the Horizontal Thrust Hi Produced by 
Vertical and Horizontal Loads and Changes of Temperature.^ 

Let two equal vertical loads P and two equal horizontal 
loads Q be placed upon two points equally distsmt from 
the crown. (These may be the vertical and horizontal 
components of inclined loads.) Then 

and 

(. ) 

where m^'^the common moment for symmetrical loads on a 

simple beam supported at the ends. 
Substituting the value of M, in (a) and (6), we obtain 

MiIJ —HilyJ +Imxd^o 



and 

Ml Syd -Hi ly^A + Im:,yA ^-ef Eldx^o. 



/ 
Multiplying the first equation by lyJ and the second by 



/ 

2 J, eliminating Mi, and solving for Hu we obtain 
o 

et^Eldx H- Im^^yJ - Im^J-jj 

which is the general expression for the horizontal thrust 
produced by two equal and s3mimetrically placed loads 
and changes of temperature. 
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iz 



Hereafter all summations between the limits / and o 
will be designated simply by 2", as in the equation for 
Hi above. 

9. Tbe Horizontal Thrust Produced by a Single Vertical 
Load Placed at any Point upon the Arch. — ^^In this case m^ == 
the common moment due to two equal and symmetrically 
placed loads, or 

Px-'lP^x-a), 

Since the loads are equal and symmetrically placed, the 
value of Hi ior one load must be just one half that for 
both loads; hence 



ifi- 



lyj 
Im^yJ - Im^A—^ 



2fd 



(lyj) 



2 » 



• • • • 



(2) 



IJ 



where 



or 



m,-Px-'lP(x-a), 



H, 



Sm,A 

I 


r 2yA\ 


* 


SyA 


f lyA} 




y Id 





(2a) 



10. The Horizontal Thrust Produced by a Single Horizontal 
Xoad Placed at any Point upon the Arch. — In this case 
mx= the common moment due to two equal and symmetrically 
placed loads, or 

x>a 

m^-^Qiy-b). 

Let hi =the horizontal thrust at the left support due to 
the load upon the left of the crown, and 
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but 



h2 —the horizontal thrust at the left support due to 
the load upon the right of the crown. Theix 



hence 



and 



Therefore 



2hi^Hi'¥Q 



ki^iHi-hiQ. 



*i«- 



I 

2 



Q+ 



2yA 1 



2-fA 



£A 



f • 



where m, « -TOCy - W ' 
Also, 



*-t 



+ 






(3) 



• • • (3<»> 



II. The Horizontal Thrust Produced by a Change of Tempera-> 
ture. — ^We have directly from eq. (i), since Idx^l, 



Ht 



ef>El 



2'fA 



(i'yi)g 

2A 



(4> 



also, 



H. 



efEl 



My-^) 



(40> 
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» 

12. Detennination of the Bending Moment at the Left Support 
Produced by any Single Load and Changes of Temperature. — 

From (III), 

/ — X X 

Mg ''Ml— J- +Mrj -Hiy +fw„ 
where 

Taking the two conditions that the angle at the center 
shall remain unchanged and that the relative elevations 
of the supports remain constant, we have from (a) and (c) 

and 

Substituting the above value of M, in these two equa* 
tions, neglecting the temperature term for the present, we 
have 

MiI-^4 +M22jA -HiIyA + Im^A «o, 

l-x x^ 

-MiI—r-xA -M2^jA +HiSxyA''2m^A «o. 

Multiplying the first equation by iy J and the second 
by ^-jA, they become 

MiJ^AIjA +M2ljAIjA -HiIyAIjA 



+ Im:,AIjA^o, 
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m 



X 



Eliminating M2 by adding these equations, we obtain 

Since the arch is symmetrical in every particular, 

IxA I I 

~Yj "— and -Sy^x '=—IyJ. Therefore we have 



^ " / Ix'J\ 



Ix^A\ 
lyA 



• \2 Ixj) 



Few changes of temperatiire, from (a) 



2M^ -o. 



From (III), 



M.-M,-if,y. 



Then 



MiJJ-H,IyJ^o, 



or 



Mi-H,§j (56) 
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13. Fonnulas which Apply for Vertical Loads only. 

where m, {or each load considered has the following value : 

m,^Px-IP(x-a). 






Ix^A\ 






i'jl 



where 



nix'-RiX-IPix-a), 



or the common moment for loads on a simple beam sup- 
ported at the ends. 

M^^Mi— +M:^ -Hiy+m^, . . . (Ill) 
where 

I — d 

where R^IP—f-=the common reaction for loads on a 

simple beam supported at the ends. 
For symmetrical loading 

Mi-Hi^j-^'-jj- .... isaa) 



i6 
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14* A 



of mx in (2a) for Vertical 



x>a 



Loads. — The equation m^^Px-'IPiX'-a) may be repre- 
sented graphically as follows: Lay off a load line 2P in 
length, and with a pole distance of P construct the ordinary 
equilibritun polygon as indicated in Pig. 4. Since the 




I 
I 






IV 



1 




FiG. 4. 

loads are equal and sjrmmetrically placed, the reactions 
are equal and each equal to P. TTien in the equilibrium 
polygon the ordinate ab, before any load is reached, equals 
X, TTie moment m^^H{ab)^Px\ hence the ordinate ab 
represents the true value of w, for P= unity. 

The ordinate a'V between the loads equals a and m,= 
H{a'V)^Pa^RiX-P{X'-a), and as before the ordinate 
a'fe' represents the true value of tw, when P= unity. 

From the above construction it is evident that when 
Hi is desired for any single load the graphical construction 
is quite unnecessary, as w, always equals Px or Pa on the 
left of the center. Since the equilibrium polygon is sym- 
metrical for each value of m, on the left, there will be a 
corresponding value upon the right. 

In case the values of m, are desired for a combination 
of loads, the method of procedure is essentially the same 
as outlined for one load. Lay off a load line equal to 
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twice the loads for which m^ is wanted. Opposite the cen- 
ter of this load line take a pole at any convenient distance 
//, and construct an equilibrium polygon in the tisual 
manner. The value of w« at any point equals the ordi- 
nate of the equilibrium polygon at that point multiplied 
by the assumed H. In most cases it is more satisfactory 
to compute the values of w,. 

15. A Graphical Determination of Some of the Factors in 
the Equation for Hi for Vertical Loads. — The expression (2a) 
in Art. 13 may be written 



Hi« 






). 




Fig. 5, 



Let ABCy Fig. 5, represent the axis of the arch. Compute 

lyJ 

■j^and lay off its value upward from A and C. Then 

draw DE. The heavy ordinates will be the values of 
In like manner let A'B'O represent the equilibrium 



i8 
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polygon where the ordinates are -77. Draw D'E' as 

indicated in Fig. 6. TTien the heavy ordinates represent 
I / Imx^\ 




Flo. 6. 

16. A Graphical Representation of the Second Term in the 
Expression for Mi for Vertical Loads. — The second term of 
(5a) for convenience we will designate as Wi, or 



mi« 



IJ 



a- 



IxJ ) 



lA 






\2 



x>a 



where w, ^^RiX — IP{x —a). 

A ^ 







\ \ 

IB" ) 



TT 



Fig. 7. 



Let the common equilibrium polygon for the given 
loads be represented by J5'.4J5" in Fig. 7. 
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We will now prove that when the line A' A" is drawn, 
so that Iiaa')J==o and I(aa')xJ^o, the distance A'JS'« 

77-. When I(aa')J=o it at once follows that 2{ab)A^ 
I{a'b)J. Prom Fig. 7, 

=Tr Y and cb — Tr" ""? — . 



Hence, since ^^"jTy 



^ fK2 X flt\ I — X fflx 



multiplying through by J, 



14 *n2X niil-x m. 



also. 



, n J ^2X^ . , Wi (/ -X )X fltrX . 



Making 2(aa')J=o and 2'(oo')«4=*o and eliminating tf 
between the resulting eqxiations, we obtain 



nil ^^l. 

Ix(l-x)J-Iil-x)J-j^ 
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This readily reduces to 



\ 2 IxJ ) 



2d 



the second term in the expression for M\ in Art. 13. 
From the above demonstration it at c«ice follows that 



fft^ 



^ \2 2xA I 



In Fig. 7 



>and 



^^ — 2H JT'' 



A'K -A"K „_^'"'^^* ~iO 



2x^d\' 



V2 JaJi/ 



17. A Graphical Representation of M, for ' Vertical Loads 
•only. — Prom (III), 

Mg Ml l—x M2 X nif 

^r °B7 ~r "^"^ T "^ ■'"Hi- 

In Fig. 8 let ABC be the axis of the arch and A'b C 
the equilibrium polygon for a single load drawn with a 

pole distance of Hi and located so that -4'i4"«7rand 

aC^^. Then 

AA' ^A'A'' -AA" =gi -|^, 
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or 

In like manner H{CC') •= +Ma. 

Let -rr '^yi a"<i lT ~y2- Then 

Mg l—x X /tttt , \ 

" —df+ef—ad + be-= -06. 
Therefore Af,-Hi(ai), or the bending moment at any 



z^ 



.VL^-'-'- 



point equals the ordinate between the axis of the arch 
and the true equilibrium polygon. 

Usually the ordinate ab is so small that no very accu- 
rate results can be obtained from a drawing. From the 
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above demonstration it is evident that 



ab^ac—ch 



lyJ 



nix mi l—x m2 

[Hi~Hi~r 



W2 ^1 



quantities which can be quite accurately determined 
from a large-scale drawing. However, more satisfactory 
results will always be obtained by algebraic methods, 
using graphics merely as a check. 

18. The Loads Producing a Marimttm Mx and the 
Locating the True Equilibrium Polygon for a Single 
Load. — In Fig. 8 take moments of all the forces upon 
the left of b about 6, or 



which becomes 






Since yi and ^2 are known, Art. 1 7, the equilibrium polygoa 
is completely located. 

Assume that we wish to determine the loading which 
win produce the maximum positive and negative moments^ 
respectively, at the point K, Fig. 9. Now, since the mo- 
ment is proportional to the ordinate between the arch 
axis and the equilibrium polygon, it is evident that the 
moment will be zero for any load which has its equilibrium 
polygon passing through K. As shown in Fig. 9, the 
shaded portion of the span loaded will cause one kind of 
moment and the imshaded portion loaded will produce 
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the opposite kind. In case the moving load is a uniform 
load these two moments will be greatest at this point. 

For arch ribs which do not have too great a vanation 
in section from the crown the absolute maximum moment 




Flo. 9. 

between the crown and the support is between 0.25 and 
0.35, the span for uniform moving loads, while the great- 
est moment of all is at the support.* 

It also appears from examples solved in detail that 
sensibly the same loading can be used in both cases. The 
division of the loads is indicated by the sign of Mi, the 
moment at the support. Loads which produce positive 
moments at the left support will produce negative moments 
at about the three-quarter point of the span. 

19. The Effect of the Axial Stress for Vertical Loads only. — 
The effect of the axial or direct stress is to shorten the arch 
rib. Art. 3, and may be considered, with a close degree of 

* "A Treatise on Arches," by Malverd A. Howe. John Wiley & Sons, New 
York. 
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approximation, to a certain drop of temperature. Conse- 
quently, if we can determine the horizontal thrust pro- 
duced by axial stress due to any particular loading, we 
can compute the resulting stresses in the arch rib. We 
are not concerned with the actual magnitudes of the axial 
stress at the various points of the rib if we can find the 
horizontal thrust^ The moments and stresses will at once 
follow by methods outlined for temperatiu*e changes. 

Formulas which include the effect of the axial stress 
show that in the expression for Hi the numerator is so 
slightly affected that the axial stress terms can be neg- 
lected without serious error.* 

For convenience let N represent the numerator of Hi ; 
then the common expression is 



//i = 






Id J 

With the effect of the axial stress included this becomes 

N 



Hi' = 






Let if a -the horizontal thrust due to the axial stress; 
then 

rr TT U f ° ^ 

rzo=xii— rzi, or Jp '^^ ^~f{~' 

ilydiy ^) 

2lyA\y-jjj +2Spr cos <f>^ 

♦ "A Treatise on Arches," by Malverd A. Howe. John Wiley & Sons, New 
York. 
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This value of //«, which is quickly obtained, is to be 
treated as the horizontal thrust due to a drop of tempera- 
ture which would produce a thrust of equal magnitude. 

20. Loads which Produce MaximiiTn Values of Tg or Radial 
Shear. 

Tx = {Vi - 2'P)cos <f> -Hi sin 0. 

For loads upon the right of B, Pig. lo, 

Tx = Vi cos —Hx sin ^. 

If 5i is normal to the radius passing through J5, it is 
evident from the figure that Tx =o, since Fi cos <f>=^Hi sin </>., 
Hence all loads upon the right of P" will produce one kind 




Fig. io. 



of shear and those upon the left the opposite kind until 
P' is reached. Since Vi —IP results in a downward force, 
the loads upon the left of B produce the same kind of 
shear as those upon the right of P". The fields of loading 
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producing the same kind of shear iare clearly shown in 
Fig. ID. 

21. Fonnulas which Apply for Horizontal Loads only. — 
From Art. lo, 



*-i 



Q + 



My -IT) ' 



^y<y-W) I 



■ . . • . (3«) 



where 



m^'^IQiy-b). y>b. 



From Art. 12, 



/ 



Mii-hi 



lyj 



Itn 



xd(x 



2x^A\ 



2xA 



) 



2J 



I Ix^J\ ' ' 



(t- 



IxJ / 



where 



b ' 
mx-Qj + 2Q(y-b). y>b. 



(5c) 



s>a 



M,'Mj-^+M2j-hiy+Qjx + 2Q(y-b) 



Vi 



M2-M1 
I 



+Qj. 



The above formulas are for a single horizontal load 
-which produces a thrust at the left support. In practice 
the reverse may be the case, but the solution of the equa- 
tions presents no difficulties if care is taken to give m, its 
•proper sign. Of course, when there is a thrust at the left 
support there will be a pull at the right support. 
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22. A Graphical Representation of Mg for a Single Horizontal 

Xoad.— From (III), 

Mx =Mi + Vix -hiy ^Q{y -b) . y>b. 




Fig. II. 



or 



For all points between ^ = o and x^a 

M, =Mi + ViX -hiy, 

M^ Ml ,. X 

Hi hi hi ^ 



Let the equilibrium polygon be constructed as shown 

Ml M2 Ml M2 

in Fig. II, where yi=-^» ^^^IT' ^^^IT' ^^ ^2 = y— . 

On the left of Q, cd^y\ =^"t-, ^^'^~ir"> hence 



M. 



=ab—cd'^cb—y. 



For points upon the right of Q we can write 

-M;, =M2 + V2^ -h'^y. 
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or 



/l2 ^2 Il2 

M 



TTie character of the bending moment is clearly shown 
in Fig. II by the shaded areas. The points E, E\ etc., are 
the points of zero moment. 

Prom Fig. 11, 



X\\yi: :xi -^Xo'.b, 



or 



Ma hi 



xi / Mi\ Hi 



If Xq is computed, it will check the previous work for 

locating the equilibrium polygon. 

23. A Graphical Representation of M^ for Two Equal anJT 
Symmetrical Horizontal Loads. — In (^a) m^ for the left 




Fig. 12. 



load (Fig. 12) will evidently equal m, for the load upon 
the right, but will be opposite in character ; therefore 
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Ai=Q=/i2 in magnitude, hi and A2 will be opposite in 
direction. 

Also, from (5^), 

lyj lyJ 



From (III), 



M^'Mi + ViX-hiy + lQ(y-b), 



which becomes, since Vi •=<>, 



M 



.-Q{^-y^y~»]-Q{^-^) 



for all points between the loads, and 

' lyj 



M.^Q 



IJ 



-y ' 



for ^11 points between the support and a load. TTiis is 
shown by the shaded ordinates in Fig. 12. 

24. Arch Ribs for which J is Constant. — Since i =-7-, it 

is evident that if we so divide the axis in parts of dsi, 
ds2, etc., in length, that the quotient of each ds by the 
moment of inertia of the section of the rib for this distance 
is constant for all sections, the value of J will be constant. 
Under this assumption the formulas to be given later can 
be applied to — 

1° Arch ribs of constant cross-section when the axis is 
divided in equal parts, each ds in length. 

2° Parabolic arch ribs for which EI cos <j> is constant 
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when the span is divided into equal parts each dx in 
length. 

3» A„y arch rib tor which f is c<m^« whan the ««■. 

is divided into spaces ds, dsi, ds2, etc., so that the moment 
of inertia (usually taken at the center of each division) for 
each division bears a constant ratio to the length of the 
division ds, 

25. Formulas for Hi and Mi for Vertical Loads when J is 

Constant — Remembering that — - = », the number of div- 

J 

^ions, we have at once from (2a), Art. 13, 



Hi=- 






2 Iy(y-ya) 



2 Iy(y -y„) 

where w, = P:r - -TPC^ - a) , ^ >a, and 



(26) 



♦Mi-ifiy, 



Also 



«(r -#) 






Im 



Int. 



H) 



n -^ /I Ix^\ 



. (Sd) 



* When the span is divided into » parts dx each and «« — , ^dx^ ^jc, etc., 

12 ^ ' \2 Ix I 6 
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x>a 

where m^ ^Rix - IP{x -a) and Ix = \nl. (See Art. 88.) 
For any symmetrical loading 

M.^H.y,^^ isdd) 

Hi «i (total load). 

26. Formulas for hi and Mi for Horizontal Loads when A is 
Constant. — From Art. 21, 

2m^{y -y^) ' 



*.-: 



Q + 



Iy(y-ya) J 



•, . . . . (36) 



■where fna='IQ{y—h), y>b. 

Ml -/tiy. -Tj — J^' .... (s«) 

where ntx^Qj-h IQ(y-b), y>b,axid 

Ix = in/. 
For any symmetrical loading 

Mi=/tiy« (5^^) 

Ai =i (total load). 

27. Formulas for /f^ and Mx for Changes of Temperature 
when A is Constant. — From Art. 1 1 . 

' Jiyiy-yaY 
From Art. 12, 
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28. Effect of the Axial Stress when i is a Constant.— Prom 
Art. 19, 



Ha^Hy i- 



^y(y -y a) 






where Hi is the horizontal thrust obtained from formulas 
which neglect the effect of the axial stress. 

29. Determination of N^, the Normal or Axial StresSi and T. 
the Radial Shear at any Point — In Fig. 13 let Sx be the 




^ 



Fig. 13. 



stress in the equilibrium polygon in position and magni- 
tude ; then we have at once 

Nx «= F, sin <f> -hHx cos <f>, 



where Vx^Vi-IP and Hx^Hi-IQ. 



Also, 



Tx = Vx cos <l> —Hx sin ^, 



Vx and Hx having the values given above. 
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30. A Graphical Detennination of Ng and Tx for Vertical 
loads. — In Fig. 14 let 52 be the side of the equilibrium 




y 



Fig. 14. 

polygon cut by the section where Nx and Tx are desired. 
Prom the pole in the force diagram draw a line normal to 
the section, and at the upper extremity of 52 drop a per- 
pendictdar upon this line, forming a right triangle with 52 
as the hypothenuse. The two legs of the triangle will be 
the magnitudes of Nx and T,, as indicated in the figure. 

31. Fiber Stresses for any Section. — (a) In the case of 
a steel rib, to which the formulas given above probably 
more nearly apply than for ribs of any other material, the 
formula based upon the common theory of flexure may be 
used. This formula may be written 



P- 



Nx Mxz N 



-^±M. 



S' 



where p 



the stress in the outer fiber; 

the axial stress or the normal component of the 
resultant stress upon the section being con- 
sidered ; 

the area of the section; 
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Mx =the bending moment at the section; 
z = distance of outer fiber from the neutral axis ; 
/ = the moment of inertia of the section ; 

5 =— =the " section modulus." 
z 

The above formula considers that the modulus of elas- 
ticity E is constant throughout the section for all inten- 
sities which do not exceed the elastic limit of the steel. 

(6) If the arch rib is composed of nattnral stone vous- 
soirs, it will be incapable of resisting tension at the joints 
owing to the uncertainty of the adhesion between the 
mortar and the stone. Consequently the above formula 
applies only when the resultant pressure upon any joint 
lies within the middle third of the joint ; that is, the entire 
joint or section will be in compression. 

In case the resultant does not lie within the middle 
third but does lie within the section we may yet have a 
perfectly stable structure. Suppose that the resultant cuts 
the section outside the middle third but not outside the 
stone, as in Fig. 15. 




Fig. 15. 

Let 4= distance from edge C, The pressure may be 
assumed to be uniformly varying from C towards A , so that 
Nx will pass through the center of gravity of the intensities ; 
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then 
or 

As long as p is so small that there is no danger of the stone 
being crushed the arch is stable. It is a recognized fact 
that this condition exists in a large number of arches now 
standing. 

(c) Arch ribs constructed of plain concrete are capable 
of resisting a limited amount of tension, but it is better to 
treat them the same as if of nattnral stone. The ring may 
crack entirely through and yet be perfectly stable. Small 
rods of steel distributed laterally and circumferentially 
near the surfaces of the rib will prevent a considerable 
number of small cracks which might be produced by change 
of shape after removing the false work or changes of tem- 
perature. 

(d) Reinforced-concrete ribs have circumferential steel 
rods or bars placed a short distance from the upper and 
lower surfaces of the rib to resist any tension which may 
occur. Even in this case the best designers limit the equi- 
librium polygons for dead and live load to nearly the 
middle third of the ring, so that there will be no tensile 
stresses. 

The actual distribution of stress on a section of reinforced 
concrete is at present unknown. Many experiments have 
been made upon beams reinforced at the bottom, and 
various formulas advanced to aid in designing such beams,, 
all giving fairly rational results. The elastic theory of 
the arch assumes that the linear arch is the neutral axis 
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of the material arch, and any great departure from the 
assumed form will affect the stresses; hence, since the 
experiments upon beams indicate that the neutral axis 
shifts for different loadings, it is evident that great refine- 
ment either in the calculation of stresses or the distribu- 
tion of stress over a section is entirely out of place. 

In the Melan system of reinforcement steel ribs are 
used spaced about 3 feet on centers. Here the steel may 
be assumed to resist the bending moments, and the concrete 
the direct compression. The concrete also prevents the 
steel ribs from buckling. It is questionable if the above 
assumption actually obtains. It is well on the side of 
safety, however. 

One of the simplest methods in use merely replaces 
the steel reinforcement by an equivalent area of concrete 
and then employs the formula given above. 

If the modulus of steel is £, and that of concrete £«, 

E 
then the equivalent area of concrete will be c^ « n times 

the actual area of the steel. The fiber stress in the steel 
will actually be n times the fiber stress foimd for concrete 
in the position the steel occupies. 

If a equals the area of the steel and A the area of the 
concrete, then 

F=A-\-na, 
12 ' 




Fzo. 16. 



and hence 



N. 



±M 



'A3 

7- + 2«aflP 
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This formula assumes that the concrete resists tensile 
stresses which it is not capable of doing to any great extent, 
its tensile strength being somewhere near one tenth the 
compressive strength. 

The above formula may be applied until the maximum 
^afe tensile strength of the concrete or steel is reached, and 
then the method employed for stone arches when the result- 
ant pressure lies within the ring until the safe compressive 
strength is reached. 

All of the methods are quite approximate for reasons 
•given above, and since the modulus of elasticity of concrete 
is not constant. 

32. Reliability of the Elastic Theory when Applied to Steel 
Ribs. — ^There is but little doubt that the theory is correct 
for solid steel ribs having a depth which is comparatively 
small when compared with the radius of curvature, when the 
loading is applied at isolated points through vertical posts 
which are unbraced in the plane of the rib. The modulus 
of elasticity of steel is quite constant and it is capable of 
resisting both tension and compression. The deformation 
of steel either under direct stress or bending follows very 
•closely that found by theory. In truth the theory is 
probably as exact for steel arch ribs as the common 
theory of flexure is for steel beams. 

33. Reliability of the Elastic Theory when Applied to Ribs 
Composed of Natural Stone Voussoirs. — Here we have a 
material which cannot be trusted in tension; this is espe- 
cially true of the joints between the voussoirs. In direct 
compression the modulus of elasticity is not constant but 
varies with the load, and then not according to any very 
-definite law. However, within narrow limits it may be 
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considered as constant without serious error. Such being 
the case we may apply the elastic theory with confidence 
as long as the equilibrium polygon lies within the middle 
third of the ring, or when every section or joint is subjected 
to compressive stresses. We may also consider the theory 
as applicable when the polygon lies within the ring, pro- 
vided the compression is not sufficient to crush the stone. 
In case the equilibrium polygon passes without the 
ring at any joint, theoretically a free arch ring would fail. 
In practice this condition often obtains in stone bridges, 
yet they do not collapse or show serious signs of failure. 
It is true that some joints open slightly, but this appears 
to have little if any detrimental effect. This apparently 
proves that the elastic theory cannot be applied imder 
such conditions. It is no fault in theory, but a failure to 
carry out in practice the assumptions made in applying 
the theory or basing the application of the theory upon 
wrong assumptions. For example, the elastic theory 
assumes a free rib capable of changing shape imder various 
loads, while in practice the great majority of stone bridges 
have the ring securely clamped beneath the solid spandrel 
walls and by a mass of concrete backing of varying thick- 
ness. Such a structure may be said to become more and 
more stable tmder an increasing imiform loading, imtil the 
safe crushing strength of the arch stone is reached. This 
tacking exerts a great passive force preventing any up- 
ward movement of the arch ring. It is evident, then, that 
if the ring is stable imder the elastic theory assuming a 
free ring, it will be quite safe when clamped as explained 
above, and furthermore it does not necessarily follow, 
because the equilibrium polygon lies without the ring proper 
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at some joint, that the arch will fail, for the spandrel 
masonry will prevent a change in shape of the rib to any 
great extent. The question at once presents itself: What 
does happen? Probably the masonry readjusts itself until 
equilibrium exists, the arch ioints are compressed un- 
equally, and the friction of the spandrel masonry aids 
very materially in reducing the opening or compression 
of the joints at the extrados — in fact introducing an 
effective tension or compression, as the case may be. 

Again, in bridges having a considerable depth of side 
wall above the crown a large portion, if not all, of the 
ring \mder the walls might be removed in many cases 
without complete failure, the wall masonry forming 
an iarch in itself. In conclusion, for the dead and live 
loads the arch ring which is safe when assumed to be 
a free ring will be safe under the usual construction of 
the spandrels, or if the loads are transmitted to the ring 
through verticals as in steel structures. All arch rings 
should be so designed, using a factor of safety of ten for 
the crushing strength of the stone. 

Provision for the stresses produced by changes in 
temperattu-e was entirely neglected by the old builders^ 
and for that matter by practically all modem builders. A 
temperature change of but ±40° F., according to the 
elastic theory, produces a very wide range of stress both 
of tension and compression. These are a maximum at 
the supports. If any considerable change of temperature 
actually occtu^s and the elastic theory can be correctly 
applied, the arch ring, if free, should collapse. As stone 
arch bridges have stood for thousands of years without 
failure, we must conclude that either the stone does not 
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change in temperature through anything like the range 
of change in the air, or the arch ring adjusts itself with 
the aid of the spandrel masonry so as to resist the tem- 
perature stresses without excessive imit stresses, or the 
theory does not apply. Probably all three conclusions are 
more or less true. Even in the Northern States it is doubt- 
ful if any of the stonework, excepting possibly the more 
exposed surfaces, has a change of temperature of a great 
range, — ± 20° F., say. The ring without any doubt adjusts 
itself to suit new conditions. 

To show how small a change would be required in the 
mortar joints alone to provide for a change of 40° F., take 
a free rib of granite having a span of 60 ft. and a rise of 
8 ft. (measurements taken for the axis). The length of 
the rib axis is 62.8 ft. The coefficient of expansion for 
I® F. is 0.0000038. Then the total change in length of the 
rib is 0.0095 ft.; if there are 42 joints, the change in each 
joint would be 0.0002 ft. .0024 in., which is too small to 
be readily detected. Of course the joints do not all dis- 
tort the same. Again, assume the rib imder masonry 
spandrel walls, and let there be an increase of 40° F. in 
temperattu-e, and also assume that the rib cannot rise; 
then the entire temperature effect must be used up in- 
<:ompressing the ring. The change in length per imit is 
4o(.ooooo38) =0.00015. K the £ = 6800000, the stress per 
square inch is a little over 1000 lbs. This might be in- 
creased to loooo lbs. without the granite being crushed, 
even with the dead- and live-load stresses added. 

Considering our ignorance of the actual temperature 
changes and the behavior of the stone under these changes, 
it is useless to attempt any theoretical treatment until oiu- 
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knowledge of the subject has been very much increased. 
The temperature stresses appear to be able to take care 
of themselves as long as the rib is stable for the dead and 
live loads. 

34. Reliability of the Elastic Theory when Applied to Plain 
Concrete Ribs. — Here we have a material which is fully as 
variable in its physical qualities as nattu'al stone. Gen- 
erally we have no joints to consider and no masonry span- 
drel backing, but we do have monolithic spandrel side 
walls clamping the rib, in many instances. As concrete 
resists tensile stresses but indifferently, it is not safe to 
permit more than one tenth its safe compressive strength 
in designing. As this amounts to about 50 lbs. per square 
inch, it may as well be neglected entirely, and the rib 
designed for the dead and live loads so that no tension 
can exist at any section. 

The effects of changes of temperature are as uncertain 
as in stone arches. Having no joints, the ring cannot 
readily adjust itself, and hence probably resists some ten- 
sion. As the modulus of elasticity is much less than for 
natural stone, and the coefficient of expansion but some 
60% greater, the theoretical stresses are very much smaller. 
For free rings no tension exceeding 50 lbs. per square inch 
should be allowed tmder any conditions, imless the con- 
crete is reinforced with steel to prevent cracking. At 
present there appears to be no rational way of determin- 
ing the amount of steel required so all that can be done 
is to experiment and follow previous builders where they 
have been successful. If the rib should crack through, it 
would not necessarily mean failure, as then the behavior 
would follow that of a voussoir ring. 
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35. Reliability of the Elastic Theory when Applied to 
Reinforced Concrete Ribs. — Concrete when reinforced with 
steel is very much 'more reliable than concrete without 
the steel. The principal difficulty experienced is the loca- 
tion of the neutral axis of any particular section. The 
Ix^ation without any doubt shifts about under the action 
of different loads. As the elastic theory assumes the arch 
axis to pass through the neutral axis of each section of 
the rib, it is evident that we must assume the axis to lie 
at the center of gravity of the section and treat the mate- 
rial according to the common theory of flexure. 

While a reinforced rib will safely resist tension by virtue 
of the steel, yet the best designers so proportion the arch 
rib that it is never subjected to tension under dead and 
live loads. For temperature stresses the compression in 
the concrete must not exceed about 800 pounds per 
square inch, including the effect of the dead and live 
loads. Under this assumption the concrete may crack 
on the tension side, and the steel resist all of the 
tension. 

Even when considering the difficulties briefly mentioned 
above and our almost absolute ignorance of the actual 
distribution of stress over a reinforced section, we are 
compelled to accept the elastic theory as our best guide 
in designing reinforced-concrete ribs. 

36, Reliability of the Elastic Theory: Summary. — For steel 
ribs it is without doubt quite reliable. For natural stone 
concrete, and reinforced concrete the theory can be used 
with confidence as long as no tensile stresses occur in the 
rib. When tensile stresses obtain the theory applied 
under the usual assumptions is but an approximation. 
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37. Depth of the Arch Rib. — This must be assumed 
from the best data available, and then calculations made 
to see if it will answer tmder all conditions of loading and 
changes of temperature. If found necessary, the rib can be 
modified somewhat without making new calculations by 
changing the moments of inertia of all sections in the same 
ratio. The dead- and live-load stresses will remain sensibly 
unchanged,' the change in weight of the rib being very 
small in comparison with the total dead load. The tem- 
perature and axial thrust stresses will be slightly modified. 
The question of the necessity of a new calculation must be 
decided by the designer according to his best judgment. 
In Table II are given the data for a large number of arch 
ribs to aid in assuming the dimensions of a proposed 
design. 

The articles immediately following give the princi- 
pal empirical formulas for the dimensions of arch rings, 
etc. 

38. Empirical Formulas for the Thickness of the Ring at the 
Crown in Stone Arches. — Many formulas have been ad- 
vanced for the depth of the arch ring at the crown. These 
are usually based upon the dimensions of arches constructed, 
and hence they merely indicate that an arch built like one 
which has been standing some time will probably stand 
also. 

NOMENCLATURE. 

/o™ depth of arch ring at the crown, in feet; 

/?»radius of curvature of intrados at the crown, in feet; 

/-« clear span of arch, in feet; 

/« clear rise of arch, in feet. 
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Trautwine's Formulas.^ — The following formulas apply 
to circular and elliptical arches: 
For first-class cut stone : 



to =o. 2$VR +0.5/ +0.2. 
For second-class work : 

/o =-o.28i\//? -1-0.5/ -I-0.22S, 
For brickwork or fair rubble : 



'0 =o.333\//? +0.5/ +0.267. 
Low*s Formula: if 



/ 



/0-0.125V io(/-f) -I-2H, 

where H - the stircharge above the extrados at the crown* 
Rankine's Formulas: 



<o = V0.12/? for a single arch; 

/o = V0.17/? for an arch in a series. 
Perronnefs Formula for circular or elliptical arches:^ 

/o = 1+0.035/. 
Dejardin's Formulas for circular arches :% 

Forr=- /o = i+o.io/?. 

/ 2 

Forj-=T- /o = 1+0.05/?. 

♦ Trautwine*s "Engineer's Pocket-book.'' 
t Engineering News, June 15, 1905. 

X From paper by E. Sherman Gould, Van Nostrand's Mag., vol. xzix, p. 450^ 
1883. 
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/ I 

Forj- = g, /o = 1+0.035/?. 

/ I 

For T = — A) = I +0.02/?. 

/ 10 

Dejardin*s Formula * for elliptical and basket-handled 
arches: 

For J- — ^ to^i +0.07/?. 

Croizette-Desnoyer* s Formulas:* 

FoTj>^ /o=»o.so+o.28VIR. 

Porf = T- /o =0.50 +0.26^2/?. 

FofT-^ — /o =0.50+0.20^2^. 

/ 12 »* J 

For elliptical arches use R for circle having same rise and 
span. 

German and Russian Practice: * 

^0 = 1 +0.035/ +0.02if , 

where H —the surcharge over the extrados at the crown^ 
including the moving load if any. 

Austrian Specifications for large arches of brick and 
stone: f 

/// between i and |. 

For /= 30 metres. ... /o = 1.1 m. 

For /= 40 *' .... /o = 1.4 

For /= 65 " . . . /o«2.2 



1 1 



1 1 



*From paper by £. Sherman Gould, Van Nostrand's Mag., vol. xziz, p. 450. 
1883. 

t " A Treatise on Arches," by Malverd A. Howe. Wiley. 
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For / = 80 metres 
For / = 100 
For /=»i2o 



( ( 



< < 



. to=2.j m 



39. Thickness of Arch Ring of Stone at the Support. — For 

semicircular stone arches it is generally assumed that the 
masonry for 30° from the spring line is self-supporting and 
consequently has no arch action. If this is so, then the 
inaximum angle which a stone arch ring can be considered 
to subtend is 60** each way from the crown. If the loading 
is so arranged that the equilibrium polygon follows the 
axis of the ring, then the pressures will vary directly as the 
secant of the angle <f>; consequently the ring thickness 
60** from the crown should be /«=^/o sec 60*^ = 2/0. 

* Croizette-Desnoyer* s Formulas for segmental arches: 



ForV-r 



For7 = Q /t = 1.24/0. 



For 



I 
6 



/« = 1.40/0. 



8 



I 
10' 



Fori-=— 



I 
12 



/. = 1.15/0. 



/« = 1.10/0. 



For basket-handled arches : 



when T =- 



/ 

/ 
7 



I 
3 



/, =1.80/0; 



— i . . . . t, = i.6o<o; 

4 



I 
5 



/, = 1.40/0- 



* Van Nostrand's Engineering Magazine, vol. xxix, p. 454. 
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40. Thickness of Abutment. — Trautwine's rule for all 
kinds of stone arches is best explained by means of a 
diagram, Fig. 17. This form of abutment, according to 



a-0.2R+0.1/ + «.0 
6 9l^ 




Fig. 17. 

Trautwine, is sufficiently strong to take the thrust due to 
the dead load before the back filling of earth is in place. 

Rankine states that in existing structtires the thickness 
a varies from J to | the radius of the intrados at the crown. 

Baker, in **A Treatise on Masonry Construction,*' gives 
a formula, said to represent German and Russian practice, 
which has the form 

a = i +0.04(5/4-4/1), 

where h is the distance from the spring line down to the 
top of the foundation. 
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41. Thickness of Piers. — In a series of arches it is cus- 
tomary to use several narrow piers and then introduce a 
much heavier pier, called an abutment pier. This should 
be of sufficient strength to resist the thrust from one side 
without any aid from the arches upon the other side. The 
thickness will then be the same as if it were an abutment 
in reality without earth backing. For the regular piers, 
various rules have been used. Twice the thickness of the 
arch ring at the crown plus a fraction of a foot has. 
been used in very important bridges. Usually piers are 
from 2 J to 3 times the thickness of the arch ring at the 
crown. 

The vertical load upon piers is not very large when 
measured in tons per square foot, and as far as strength 
is concerned they could be made considerably smaller 
than outlined above. The only horizontal thrust to be 
resisted is the unbalanced thrust produced by the moving 
load, unless adjacent arches are of different dimensions. 
With the exception of high bridges the effect of the wind 
is of no moment. 

42. Remarks concerning Empirical Formulas. — The for- 
mulas given in the previous articles are based, for the 
most part, upon actual struct tires and will without doubt 
lead to safe structtires if the equivalents in materials and 
workmanship are held throughout. Apparently the for- 
mulas apply to all kinds of stone, as no mention is made 
of the quality of the materials (excepting Trautwine's for- 
mulas) used. Unquestionably the arch rings were con- 
structed of average materials, probably no better if as 
good as those used now ; hence the formulas will be of ser- 
vice in assuming dimensions which can be relied upon as 
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being safe for structures quite similar to those upon which 
the formulas are based, 

43. Albula Railroad Practice * (gage i m.) . — The follow- 
ing dimensions were used in the construction of a great 
number of arches on the Albula Railroad. 



Banc of rail 




Fig. 18. 

Span / ""6 8 10 is 15 20 25 

Key Ai ""O-SS 0.60 0.70 0.75 0.80 0.90 i.oo 

Spring /« «o.8o 0.90 1.00 1. 10 1.20 1.35 1.50 

Pier h ^1.20 1 . 35 1 . 50 1 . 70 2 . 10 2 . 70 3 . 60 

Abutment. 0=1.70 1.90 2.10 2.80 3.50 4.20 5.30 

Twenty-six viaducts were built of the spans given below : 

Span I ->io II 12 14 15 16 20 22 25 27 30 42 

Number of 

spans -»33 3 7 i 16 14 15 i i i i i 

(All dimensions are in metres.) 

44* The Dead Load. — Very little is required in the way 
of discussion in reference to the dead load for steel ribs. 
The fioor and all supports, and even the lateral systems, 

* The Engineer, 1904. 
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can all be designed and the actual weights computed. 
There remains, then, only the weight of the rib proper to 
be estimated. The weight of the assumed rib will be 
sufficiently close for all purposes, as a large error in the 
weight of the rib will be comparatively small for the 
entire load. The weight above the rib is usually trans- 
mitted to the rib through verticals extending up to the 
roadway. 

In the case of masonry ribs with the spandrels com- 
pletely filled with earth, sand, gravel, etc., the actual load 
supported by the rib is not very definite. If the filling is 
put in in horizontal layers well compacted, the load upon 
the ring will certainly not exceed the actual weight of the 
material, and it is very doubtful if such filling creates any 
considerable horizontal thrust against the rib. If per- 
fectly dry and clean sand or gravel is employed, then 
there may be horizontal forces acting against the rib. 
These will be very small, however, for segmental arches. 
This thrust can be found according to the theory of earth 
pressure.* 

The consideration of the horizontal thrust of the span- 
drel filling is a refinement not warranted in works of this 
class. The weight of the spandrel filling with pa vement , 
arch rib, etc., should be considered as divided into vertical 
loads, the horizontal projection of ds being the measure of 
each division. For computations the load may be assumed 
to act at the center of the projection of ds. 

In case the spandrels are partially filled with concrete 
its weight may be taken as divided into vertical forces. 



♦ " Retaining-walls for Earth," by Malverd A. Howe. John Wiley k Sons, 
New York. 
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This is probably not as near the truth as when the fill is 
made of sand or gravel, but the assumption is on the safe 
side. Overloading the haunches will cause an upward 
movement at the crown, and overloading the crown causes 
the haunches to rise ; but when the spandrel filling is par- 
tially concrete the passive resistance to an upward move- 
ment is very much in excess of its weight ; so also is that 
of sand or gravel. The arch rib, then, in this type of 
bridge is anything but a free member, and consequently 
any great refinement in its design is time wasted. If we 
can assure ourselves that the rib is safe by adding a few 
inches to the thickness of the ring, the very small percent- 
age of extra cost need not be considered at all. 

When the roadway is supported by longitudinal walls 
resting upon the rib, the problem is at least as complex as 
before, for there is no way of knowing how the weights 
transmitted by the walls are distributed. The only recourse 
is to treat the material as in the case of sand or gravel 
filling. 

The use of lateral walls or columns to support the road- 
way places the problem in a shape to be carefully considered 
theoretically. The actual magnitudes of the loads can be 
ccmputed and the points of application to the rib are 
definitely fixed. For long spans this is unquestionably the 
best and most economical type which can be built. There 
is an exception to this in very flat arches where the ring 
occupies the greater portion of the vertical projection of 
the bridge. 

45. Dead-load Equilibrium Polygon Following the Axis of 
the Arch Rib. — It is assumed that the rib has been dimen- 
sioned and that the fill over the crown is known. Compute 
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the weight of the shaded portion in Fig. 19 and call it Pi. 
Lay off the vertical line DE, and Pi from D. Draw DO 
horizontal and CO parallel to the tangent to the arch axis 
at b. Then from draw lines parallel to the tangents at 
c, d, e, etc.; then these lines will cut off on DE the loads 
P2, Pi. etc., for which an equilibrium polygon will pass 




Fig. 19. 



through the points o, b, c, d, etc., and DO will be the hori- 
zontal thrust for this loading. A check calculation will 
show that this is the true horizontal thrust according to 
the elastic theory, neglecting the effect of the axial stress. 

By a similar construction the polygon may be made to 
pass through the points where the loads are applied to the 
axis. In either case the bending moments due to the dead 
load are sensibly zero. This assumes that the loads are 
reasonably close together. 

Filled spandrels can usually be made so that the above 
-conditions are fulfilled by selecting proper filling materials. 



CHAPTER III. 

EXAMPLES SHOWING THE APPLICATION OF THE 

FORMULAS, ETC. 

46. Preliminary. — In the examples whicK follow, the 
computations will be given in detail, with suggestions as 
to methods and checks. In some cases it will be found 
that the algebraic work necessary to get" the data into 
shape for applying the arch theory requires as much time 
as the computation of Hi for each load respectively. Some 
of this work will be found quite unnecessary by many. It 
is given in one case for the benefit of the few who may 
use the example as a guide for their first arch calcula- 
tion. 

47. First Example: Data. — Let us assume that the 
design shall be for a single-track railway bridge with an 
arch ring of Quincy, Mass., granite, and that the axis of 
the ring has a span of 60 ft. and a rise of 8 ft. Let the 
spandrel filling be cinders, sand, or gravel, in such propor- 
tions that the total dead load will have its equilibrium 
polygon following the axis of the ring. Since this is to be 
a railway bridge, there should be at least 3 ft. of fill be- 
tween the base of the rail and the arch ring at the .crown. 
This will distribute the moving load which may be assumed 
at 5000 lbs. per foot of span. If the ties are 8 ft. long, we 
may assume that the fill will distribute 5000 lbs. over at 

53 
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least 13 ft. under the ties, or that the moving load will be 
about 400 lbs. per square foot. 30 lbs. per square foot 
will cover the weight of the track. 

48. Subdivision of the Arch Axis* — This should not be 
decided upon until the shape of the arch ring is deter- 
mined. In this case let the ring be of uniform depth 
throughout; then, in order that A may be constant, the 
axis should be divided into equal parts. In all summation 
formulas it is well known that the smaller the divisions 
are made the more accurate will be the results. In this 



f^ff 




Fig. 20. 

particular case ds might be replaced by ds, and the prob- 
lem solved, as far as Hi, Ml, etc., are concerned, by means 
of integration. 

Ordinarily twenty divisions will give results sufficiently 
acctirate for practical purposes. This number will be 
used. 
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From Pig. 20, 
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Arc i4B=--T- 29.8616 =31.40 ft. 

Hence *5=-3.i4 ft., and the angle at the center for each 
division is 2^.9861 6. 

49 Comptitation of x and y. — The values of x and y 
are computed for the center points of the divisions made 
above, as shown in detail in Table A. 

Table A. 
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0.765 
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. 42867 


.90346 


25.827 


54.433 
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2.183 
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22 23 .820 
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.92457 


22.956 
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7.815 
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.02606 


.99966 


I 570 


60.229 


28.430 


7.979 
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I. 00000 





60.25 


30.000 


8.000 



In this particular case we are probably not warranted 
in using three decimal places in the values of x and y, 
although the labor is but a very little greater than if but 
two were used. This is assuming that multiplications are 
performed by machine or a multiplication-table. After a 
little practice Crelle's "Rechentafeln" will be found quite 
satisfactory for all multiplications and many divisions. 
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SO. Computation of Hi for Unit Loads. — Table B gives 
in detail the calculations for Hi corresponding to a unit 
load at each point respectively. Since the arch and the 
loading are symmetrical, the summations have been made 
from x=^otox = \L 

In colunm 2 the positive and negative values of y—ya 
should sum up the same. As the fourth decimal place has 
been neglected, the sums differ by 3 in the third decimal 
place. The method of Art. 14 has been employed in com- 
puting War, which requires the use of but ten multipliers 
(the values of x) and fifty-five multiplications in the com- 
plete determination of Hi for each load. 

For the first load each value of y—ya is multiplied by 
the first value of x, and therefore, since I(y—ya)^o, 
Intxiy —ya) should be zero, and consequently the value of 
Hi=o for this load. Using the figures shown in the table. 
Hi =.000035 for Pi = unity, which is zero for all practical 
puiposes. 

The true values of Iy{y-ya) and If^xiy—y^ are twice 
the numerical values given in the table, but since one ex- 
pression is in the denominator and the other in the numer- 
ator the common factor zero has been neglected. 

The method empbyed in Table B is considerably longer 
than necessary, but has been used on account of its clear- 
•ness and because all sums are taken between the same 
liniits. 
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Table B also contains the values of Intx-^n, which 
will be used in computing the values of Mi. Having the 
values of H\ for unit loads, its value for any other load 
is simply the product of the load by the values given in 
Table B. 

51. Computation of Mi, Vi, ^i, 3^2, and y^ for Unit Loads. — 
The formula for Mi is, Art. 25, 

in which Hi and ya are known from Table B. Ix^^nl=» 
^^(20)60 =600. There remains to be fotmd the value of Wj. 
at each point for each load and also the value of 2x^, Of 
cotirse Ix^ can be found by squaring each value of x, but 
this is rather tiresome, as there are twenty different values. 
The following method will be found shorter and easier 
and at the same time a portion of the work in com- 
puting ntx will be done. 

Taking any symmetrical values of x, that is, the values 
of X for points i and i', say, 

x^ -{-xi^ ^x^ 4- (/ -xy ^x^ +/2 - 2te ^-x^ 
= /2-2^(/-:r) 
^l?-2x{\l-x)-lx. 

Then, for all points, 

n/2 *' *' 

I{x?^xi^) 2lx{\l'-x)-llx^lx^, 

2 

— = i(2o)(6o)2 = 36000, 
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''2lx{\l-x)=^ -2(1498.987)= -2997.974, (Table C.) 


"llx = - (6o)(i46.48) = -8788.800. (Table C.) 



.-. 2':«:2 = 24213.23 and -^=40.3554. 

The denominator in the equation for Mi now becomes 

20(30-40.3554)^ 207.1075. 

The next step is the determination of m, at each point 
for each load. This can be done by constructing an equi- 
librium polygon for each load and scaling the proper 
ordinates, which leads to 10X20 = 200 separate quantities 
and then 200 multiplications when m^ is found. 

Inij^ can be found as follows : 



L 



— a 



P— 1 



^ 




- — 4( — ^— aj — M 



R,-ift 



% 



T 






Rr 



I 



Fig. 21. 



Ftom Fig. 21 for load unity, 



i?i = 



I — a 



R,^'^ 



a 
I 



From x-o to x = a, 

I— a 



From x^a to x^l, 



Wt =/?i^ = —7-^. '^z ^R2(l -X) '-^'jil -X) 
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Now 
Therefore 

The value of i-Tw, is given in Table B for two equal 
^nd symmetrical loads. This value is equal to Im^ for a 
single load. This quickly disposes of ^llm^. 

The value of ^ntxiil—x) can be foimd quite easily by 
remembering that for fnx{\l—x) upon the left there will 
be an fn/(^l—x) upon the right but opposite in sign until 
x = a. For x<a and X'^l—x, 

(ntx +m,')(i^ -X) ^Rix{^l -x) -R^{^1 -x) {x<a) 

= (/?i-/?2Mi/-^); 
hence 

T(Wx +ntj){\l -X) - {Ri -i?2) 'Fx{\l --x). 
For x^a to x^l—a, 

* j" w.(i/ -^) = " ^"''l/JaC/ - 2^)(i/ -^) = 2/?2(i/ -^)2|. 

Then 

X— X— a 

With the above explanations, Table C becomes very 
•simple and gives us all of the coefficients required in treat- 
ing vertical loads. In col. 21 the values of M\ give also 
the values of M2 by merely numbering the points i', 2', 
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3', etc. The quantities in cols. 22 and 23 reversed give 
y2 and V2 respectively. Col. 24 shows how nearly con- 
stant yo is in this case. 

For mathematical accuracy the value of Vi for a load 
at point I should be tmity as given in Table C, which 
evidently is not the iactual condition. When the first 
point is quite near the support, however, the value of Vi 
approaches unity very nearly. 

In col. 22 the value of yi for point i is not given, since it 
is not possible to obtain its value directly from the formula 
Ml -^f/l =yi, as Hi is zero. The same is true for point 1'. 
This will be the condition whenever graphical or algebraic 
summation methods are used. This difficulty does not occur 
in integration formulas. Fortunately, the peculiarity of 
the summation methods is of no practical importance if 8s 
is not assumed too great. The defect is quite marked 
where ribs have a much greater depth at the springing than 
at the crown, and 8s is so taken that everywhere ds-i-I is 
constant. 

52. Depth of Ring and the Dead Load. — An examination of 
Table II shows that a niunber of railway bridges have been 
constructed with spans of about 60 feet with arch rings 3 
feet deep. Let this be assumed as the depth of the ring. 

The load at point 10 can be found as follows: Divide 
the vertical projection of the arch as shoT?vTi in Fig. 22, 
and carefully scale the distances ab, be, and de. Then the 
weight of the ring at point 10 is [{bc)(de) = (3.oo)(3.i4)]i7o = 
1 60 1 potmds, taking granite at 170 lbs. per cubic foot. 
Assume the fill to be made of material weighing 95 lbs. 
per cubic foot, then the weight at 10 is (3.o2)(3. 14)95 ==9^5 
lbs., say. The weight from the track is (3.14)30=94 lbs. 
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The total dead load at lo now is 1601 +905 +94 — 2600 
pounds. In order that the eqtdlibrium polygon shall pass 




Fig. 22. 



through 10 and 9, Fig. 23; the pole distance must be 



i/ = 



2600 



2600 



tan 2°— 59'.2 0.052 



= 50000. 




A H=50000^ 



^t»» 




Fig. 23. 

For the polygon to pass through point 8; load 9 must 
equal [50000 tan 2(2®— 59'.2) =50000(0.1046)] — 2600 =5250 
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— 2600 = 2650 pounds. In like manner all loads may be com- 
puted, or obtained by drawing strings parallel to the chords, 
connecting the points of division as indicated in Fig. 23. 



COMPUTATION OF DEAD LOAD. 



Point. 


*. 


taa^. 


50000 taa^. 


DMd 

Load P. 


Unit 

Hi, 
Table B. 


Com- 
puted Ifi. 


X 


29051'. 760 


0-574 


28700 


3350 








2 


26 52 .584 


0.507 


25350 


3200 


0.113 


362 


3 


23 53 408 


0.443 


22150 


3050 


0.308 


939 


4 


20 54 .232 


0.382 


19100 


2950 


0.555 


1637 


5 


17 55 oKt 
14 55 -880 


0.3^3 


16150 


2800 


0.827 


2316 


6 


0.267 


13350 


2800 


1.096 


3069 


7 


II 56 .704 


0.211 


10550 
7850 


2700 


1. 341 


3621 


8 


8 57 .5«8 


0.157 


2600 


'•5J3 


401a 


9 


5 58 •35a 


0.105 


5*50 


2650 


1.685 


4465 


10 


2 59 .176 


0.052 


2600 


2600 


1-759 


4573 




28700 


24994 



The above table gives the computations necessary for 
obtaining the proper dead loads and also the corresponding 
values of Hi . The value of Hi for the entire dead load is 
in roimd figures 2(25000) —50000. 

The next step will be the separating of the above dead 
loads into parts, the ring, filling, and track. The ring and 
track are fixed, so that their combined weight taken from 
the total will leave the weight of fill required. The tabular 
statement on page 68 shows the process in detail. 

No great degree of accuracy has been attempted in this 
table, as a hard rain may change the weight of the fill a 
considerable amoimt. The last column gives the' average 
weight per cubic foot of the fill which is necessary to just 
fulfill the requirement that the equilibrium polygon coin- 
cides with the arch axis. It will be noticed that the weight 
of the arch ring is very nearly uniform for each section. 
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The lack of uniformity in the variation of the values 
given is due to inaccuracies of scaling oi, he, and de from 
a drawing. 



FINAL DEAD LOADS. 



Point. 


Piff. 22. 


170 lbs. 
percti. 

ft. 
Ring. 


30 lbs. 
per. sq. 

ft. 
Track. 


Ring 

and 

Track. 


PiU. 


Area 
of PUL 


Avierage 

Weight of 

raipcr 

Cubic 

Foot. 


ab. 


be. 


<l«. 


X 

a 

3 

4 

5 
6 

7 
8 

9 

lO 


lO.IO 

8.72 

7-45 
6.36 

5-42 
4.62 
4.00 

352 
3.20 
302 


340 
3.28 

325 
3.16 

3.13 

3.08 

305 

300 
3.00 

300 


2.77 
2.83 
2.91 
2.96 

301 
305 

309 
3" 
3-^3 
314 


1601 

1578 
1608 

1590 
1602 

1597 
1602 

1586 

1596 
1601 


83 

f5 
87 

89 
90 

92 

93 
93 
94 
94 


1684 
1663 

1695 
1679 

1692 

1689 

1679 
1690 

1695 


1666 

1537 

1355 
1271 

1 108 

IIII 

1005 

921 

960 

905 


28.5 

24.7 
21.7 

18.8 

16.3 

14. 1 

12.4 

10.9 

10. 

9-5 


59 
62 

63 
68 

68 

79 
81 

8S 
96 

95 



53. Live Load and Loads Producing MaTinrnm Moments. — 

The live load is 400 lbs. per linear foot and hence the load 
at each point is obtained by multiplying de. Fig. 22, by 
400. These products are given in Table D. 

In order to select the loads which produce maximum 
moments draw the equilibrium polygons for a load tmity 
at each jpbint respectively, as shown on Plate I. One-half 
of the polygons are shown. These reversed will be the 
polygons for loads upon the right of the crown. 

By inspection we see that loads 1-8 inclusive produce 
negative moments at the left support, arid the remaining 
loads produce positive moments. 

At the crown loads 1-7 and y'-i' inclusive produce 
negative moments, and loads 8-8' inclusive positive mo- 
ments. 

For point 6', between \ and \ point of the span, loads 
1-8' produce negative moments, and loads 7'-i' positive 
moments. 
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Table D. 



LIVE LOADS. 



400 POUNDS PER FOOT. 







X 




» 




X 




X 


Pt. 


Load. 


I 
Loads. 


Hi. 


2H, 


Mu 


ZMi. 


Vi. 


IVt. 


t) 
















I 


1 108 


1 108 


00.0 


00.0 


-1522.4 


- 1522.4 


1108.0 


1108.0 


9 


1132 


2240 


127.4 


127.4 


-3437-9 


- 4960.3 


i"7-3 


2225.3 


3 


1 164 


3404 


357-9 


485.3 


— 4462.8 


- 9423.1 


I I 19. 8 


3345-1 


4 


1 184 


4588 


657- 1 


1142.4 


-4636.6 


-14059-7 


1096.4 


4441.5 


5 


1204 


5792 


99S'i 


2137.5 


— 4161.0 


— 18220.7 


1058.3 


5499-8 


^ 


1220 


7012 


1336-5 


3474.0 


-3195-2 


-21415.9 


1002.8 


6502 . 6 


7 


1236 


8248 


1657-5 


5131.5 


-1930.6 


-23346.5 


938.1 


7440.7 


8 


1244 


9492 


1918.9 


7050.4 


- 531-2 


-23877.7 


858.4 


8299.1 


9 


1252 


10744 


2109.6 


9160.0 


866.4 


-23011.3 


770.0 


9069.1 


*° 


1256 


12000 


2208.7 


11368.7 


2076.2 


- 20935 • I 


677.0 


9746.1 


ic/ 


1256 


13256 


2208.7 


13577.4 


3020.7 


-17914.4 


5790 


10325. I 


9' 


1252 


14508 


2109.6 


15687.0 


3634.6 


-14279.8 


483.0 


X0807.1 


8' 


1244 


15752 


1918.9 


17605.9 


3890.0 


-10389.8 


385 -6 


11192.7 


7' 


1236 


16988 


1657-5 


19263.4 


3768.6 


— 6621.2 


297.9 


I 1490. 6 


€' 


1220 


18208 


1336.5 


20599.9 


3330.6 


— 3290.6 


217.2 


I 1707. 8 


5' 


1204 


19412 


995-1 


21595.0 


2670 . 6 


— 620.0 


145 -7 


"853.5 


V 


1 184 


20596 


657-1 


22252.1 


1873. I 


1253. I 


87.6 


11941.1 


3' 


1 164 


21760 


357.9 


22610.0 


1068.6 


2321.7 


44.2 


"985 -3 


a' 


1 132 


22892 


127.4 


22737.4 


390.5 


2712.2 


14.7 


12000.0 


1' 


1 108 


24000 


00.0 


22737.4 


3-4 


2715.6 


0.0 


12000.0 



If the ring is safe at these three points or even at the 
spring line and points 6 and 6', it will be safe at all other 
points. 

54. Ml, Vi, and Hi for Live Loads. — ^These values are 
obtained by multiplying the values for a load unity given 
in Table C by the live load. The results are given in 
Table D. For convenience these values are summed from 
c to X, as shown. 

55. MaTiTniiin Moments at Point o Produced -by the Live 
Load. — ^For loads 1-8 inclusive 



Ml =-23878 (Table D). 
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For loads 9-1' inclusive 

Ml =2716 -(-23878) = +26594. 
For a full load 

Ml = —238784-26594= +2716. 
For a load up to the crown 

Mi= -20935 (Table D). 

For load lo'-i' inclusive 

Mi = +23651 (Table D). 

Evidently loading one half the span does not produce max- 
imum moments at point o. The difference between the 
moment for a load extending from one support up to the 
crown and the maximum moments will not make any 
serious difference in the fiber stresses, as the dead load 
contributes a large portion of these stresses. If tempera- 
ture effects are considered, the live-load effect becomes 
almost insignificant. 

56. Maziintun Moments at the Crown Produced by the live 
Load. — For loads 1-7 inclusive 

Ml =-23347 (Table D), 
Vi = 7441 

^1= 5132 
Mx = Ml + Vix-Hiy - lP{x - a). ^ = 30 and y = 8. 

IP{x-a) can be fotmd graphically by means of the 
ordinary equilibrium polygon. In this instance we will 
compute its value as shown in the following table. 



t < ( i 



11 11 
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i:p{x 


-a). 




Pbint 


p. 


28.63 


Pix-a). 


I 


ijc8 


31722 


2 


1132 


25 SS 


29239 


3 


1164 


22.96 


26725 


4 


1 184 


20.02 


23703 


5 ' 


1204 


17.04 


20516 


6 


1220 


14.00 


17080 


7 


1236 
Table D 


IO-93 
Table C 


13509 


162494 








IPix-d) 



Vix = 7441 (30) = 22.3230, 
^1^ = 5132(8) = 41056, 

s 

IP(x ~ a) = 162494 ; 
Af,= -23347 -f22323o -41056 -162494 



-3667. 



If this is the moment for loads 1-7, then for loads 1-7 and 
7'-i' inclusive, M, = 2(-3667)= -7334. 

If our coefficients are absolutely correct, the moment 
for loads 7'-i' inclusive should be the same as for loads 
1-7 inclusive, as assumed. For loads 7'-i' inclusive 

M, = Afi4-Fiir-//,y, 

• Ml =+13105 (Table D), 
1^1^1^ = 807(30) =24210, 
Hiy = 5132(8) =41056, 



and 



Mx= 4-13105+24210-41056= -3741. 



This is 3741—3667=74 larger than obtained by above 
method, an error of about 2%. 
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Considering that the summation method leads neces- 
sarily to approximate results, it will be more consistent 
when possible to always use the formula for M, in which 

IP(x—a) does not appear. 

57. Moment at the Crown Produced by Live Loads i-io 
Inclusiye. — From Table D, 

M2= +23651, F2^ = 2254(30) =67620, 
//ly = 11369(8) =90952. 
.•. Mx= +23651 +67620-90952= +319. 

For a load over all, 

M, = 2(3i9)=+638. 

58. Moment at the Crown Produced by Loads SS' Inclusive. 

— :We will first compute the moment for loads 10', 9', and 
8' by the formula 



Mx^Mi+ViX-Hiy. 



From Table D, 



Ml = + 10545, Vix = 1447(30) =43410, 
Hiy = 6237(8) =49896. 
.-. M,= +10545+43410-49896= +4059. 

Check : 

From Art. 44, Maj= -3741 for loads 1-7 inclusive, 

'* " 45,^x=+ 319 '' '' x-io '' 
.-. M,= +4o6o '* '' 8-10 

or practically the same as foimd above. 



t i o < « 
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The above computations show that the moment at the 
crown produced by a load covering the half -span is hardly 
one tenth the maximum moment. 

59. MaTiniiiin Moment at Point 6' Produced by Lire Loads 
1-8' Inclusive. — Use the formula 



' I 



From Table D, 

M2« +27is-(-23347)= +26062, 

V'2^=45S9(i6) = 72944, 
i/iy = 17606(6.35) = 111798. 
/. Mx— +26062 +72944 — 111798— —12792. 

60. MaTimum Moment at Point 6' Produced by Live Loads 
/-i' Inclusive. — From Table D, 

Mi=+i3ios, 1^1^ = 807(44) -35508, 
i/iy = 5132(6.35) -32588, 

s 

i'P(^ -a) = 1236(3.07) -3795, 

M:,=Mx+ViX-'Hiy-2P{x-d) 

- +13105 +35508 -32588 -3795- +12230. 

61. Moment at Point 6' Produced by Live Loads i-ia 

Inclusive. 

M.-Ma + Fa^-Hiy. 

FjTom Table D, 

M2- +23651, 1^2^ = 2254(16) -36064, 
f/,y = 11369(6.35) = 72193. 
/. Jlfar^ +23651 +36064-72193= -12478, 
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which is about 2^% less than the maximum moment as 
found in Art. 59. 

62. Moments at all Points Produced by Live Loads 1-8' 
Includye Determined Graphically. — The constructions are 
given on Plate II. Lay off a load line in the usual way 
and scale off Vi downward. Horizontally opposite this 
point, at a distance i/i, take a pole and draw the strings 
3i , S2, 58, etc. The equilibrium polygon can now be drawn. 
As check upon the correctness of the polygon the common 
closing line, when transferred to the force polygon, should 
cut off the value of /?i, the common reaction, on the load 
line. (In this particular case the check was not perfect, 
"but so close that it was deemed tmnecessary to draw a new 
polygon. The effect will appear later.) The closing line 
is AB. 

Following the methods of Arts. 16 and 17, scale each 
ordinate of the equilibrium polygon and find the mean 
ordinate = -TS'C -^ 20. At the center of the span scale 
upward this distance, and through the point just found 
draw CD parallel to the string 5o in the force diagram, 
and scale the ordinates A'B', Then Mx at any point equals 
the difference between the ordinate A'B' for that point 
and the corresponding value of y—ya multiplied by Hi. 
s. The values of M^-^ Hi can be foimd, also, by drawing 
the arch axis so that the ya line coincides with the line CD 
of the equilibriimi polygon and scaling the ordinates indi- 
cated in the shaded area. 

The line CD can also be located b'*'- making AC =-mi 
and BD^m2, where 

SMi - IH,y, ^ IMo - 2H2ya 

wi= Tj ^— and W2 = 



Hi ^^^ "'' H: 
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The computation of Mx in detail is given in Table E. 

Table E. 

LIVE LOADS, 1-8' INCLUSIVE. 
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i4'S'. 




M. 


• •■ • - •■ >• 


Point. 


See Plate IL 


y-y.- 


Hi 
(y-y.)-A'fl'. 


Mm. 


o 


-5-905 


-5-31S 


•590 


- 10387 


I 


-5-09 


-4.550 


.54 


- 9506 


2 


-3.48 


-zn^ 


.348 


— 6127 


3 


— 2.01 


-1.860 


•150 


— 2641 


4 


- -74 


- -740 


.000 


— 0000 


5 


.40 


.226 


- -174 


+ 3066 


6 


1-32 


I 035 


- .285 


+ 5017 


7 


2.06 


1.68s 


- .375 


+ 6602 


8 


2.60 


2.174 


— .426 


+ 7509 


9 


2.88 


2.500 


- .380 


+ 6690 


lO 


2.96 


2.66s 


- .295 


+ 5194 


lO' 


2.80 


2.66s 


- -135 


+ 2377 


•9' 


2.43 


2.500 


.070 


— 1232 


8' 


1.83 


2.174 


.344 


- 6056 


7' 


105 


1.68s 


•635 


— III80 


6' 


•27 


1-035 


•765 


-13468 


5' 


- 50 


.226 


.726 


-12781 


4' 


— 1.28 


~ -21° 


.540 


- 9506 


3' 


— 2.0$ 


-1.860 


.190 


- 3345 


2' 


-2.78 


-3-n^ 


- .352 


+ 6198 


l' 


-3-52 


-4.550 


— 1.030 


+ 18134 


o' 


-3-834 


-5.315 


-1. 481 


+ 2607s 



The point of maximum moment is at 6', as stated above, 
and Mx = - 13468. From Art. 59, by computation, Mx = 
— 12792, showing a difference of 676 or an error of about 
5%, corresponding to an ordinate of 0.033 f^^- Th^ scale 
employed was 3 feet to the inch, hence 0.033 feet corre- 
sponds to Q.oii of an inch on the drawing. This shows 
that the greatest care must be employed when graphical 
methods are applied and all possible checks applied. 

63. Mazimum Moment at Point 6 Produced by Loads /-i^ 
Inclusive. Graphical Determinations. — ^Plate II shows the 
construction, and Table F the computation of Mx in detail. 
Here again there is a difference in the results obtained by 
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the two methods. From Art. 60, Mx== +12230, while by 
graphics M,— +11520, a difference of 710, or about 6%. 

Table F. 
live loads, 7'-!' inclusive. 



Point. 


See Plate II. 


y-y* 


Mm 

Hi" 

(y-y.)-A'B'. 


Mm. 





— 2.761 


-5-315 


-a-554 


+ I3IO5 


I 


-2-59 


-4-550 


— 1.960 


+ 10058 


2 


— a. 16 


-3- 132 


- .972 


+ 49«7 


3 


-1. 71 


-1.860 


- .150 


+ 770 


4 


— 1.26 


- .740 


.520 


- 2668 


5 


- .80 


.226 


1.026 


- 5262 


6 


- .33 


'•225 


1-365 


- 7009 


7 


•15 


1.68s 


1-535 


- 7882 


8 


.60 


a. 174 


1-574 


- 8o7r 


9 


1. 10 


a. 500 


1.400 


- 7i«4 


10 


1-55 


2.665 


I. lis 


- 57a* 


10' 


2.05 


2.665 


.615 


- 315& • 


9' 


a-53 


2.500 


- .030 


+ 154 


8' 


3.00 


a. 174 


- .826 


+ 4238 


/ 


350 


1.685 


-1. 815 


+ 93I& 


6' 


3- 28 


1-035 


-2.245 


+ I 1520 


5' 


2.30 


.226 


-2.074 


+ 10643 


4' 


.65 


- .740 


-1390 


+ 7133 


3' 


— 1.62 


-1.860 


— .240 


+ 1231 


a' 


-4.45 


-3-^3^ 


1.318 


- ^^763 


I' 


"^'2? 


-4-550 


3-350 


-17188 


0' 


-9.864 


-5-135 


4.549 


-23341 



64. Fiber Stresses Produced by Dead and live Loads.- 

Prom Art. 31, 

For this problem, N^ - {Vi - IP) sin ^ +Hi cos ^ 

98 n 



F-3 sq.ft., ^-i.sft., ^-n^^'-^'-J 



Then 



z 1.5X4 2 
/ ~ '^ % 
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and 

Point o. Dead Load. 

From Art. 52, \ the total load = Vi— 2 8700, say 29000^ 
and H\ = 50000 ; then 

iVx = 29000(0.498) +50000(0.867) = 14442 +43350 '=57792- 
,*. />=='i(57792)+f(o)« 19264, say 19300 comp. for both 
the tipper and lower extreme fibers. 

Live Loads. 

From Art. 55 Mx =Mi = -23878 for loads 1-8 incL 

'' " ....M:c=Mi=+26594for loads 9-1' " 
iV,«= 8299(0.498) + 7050(0.867) =10245 for loads 1-8 " 
JV;r = 3 701 (0.498) +15687 (0.867) = 15443 for loads 9-1' ** 

Then 

/> = J(io245) -§(23878) =3415-15919-' -12500 tension in 
upper fiber and 3415 +15919 = +19300 compression in 
the lower fiber for loads 1-8 inclusive. 

For loads 9-1' inclusive 

/>=J(i5443) +§(26594) =5143 +17729 = 22900 compression 

in the upper fiber and 
p = 5143 — 1 7729 = 12600 tension in the lower fiber. 

Combined Stresses. 

Combining the above results we have for the maxmitun 
fiber stresses produced by the dead and live loads the 
following : 
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Load. 


Upper Fiber. 


Lower Fiber. 


Dead Load 


19300 compression 

12500 tension 

22900 compression 

42200 




19300 compression 

19300 

12600 tension 


L.L. 1-8 


L.L.9-1' 


Maximum compression . . 
Maximum tension 


38600 




These intensities are pounds per square foot. 

For pounds per square inch we have, 293 and 268 as the 
maximum compression in the upper and lower fibers re- 
spectively. 

Considering that granite has an ultimate cnishihg 
strength of from 13000 to 17000 pounds per square inch, 
the above fiber stresses are of little consequence if the 
mortar joints have an equal strength, or even one fourth 
the strength of the granite. The fiber stresses at other 
points are obtained in the manner followed for point o. 
A tabulated statement for points o, 6', and the crown is 
given below: 

FIBER STRESSES. 



Load. 



Dead load 

L.L. 1-% 

L.L. 9-1' 

Max. compression. 
Max. tension 



Dead load 

L.L. 1-7 and 7'-i'. 

1^.1^, o^~o ' 

Max. compression. 
Max. tension 



Dead load 

L.L. iS' 

L.L. 7'-o'. ...... 

Max. compression. 
Max. tension 



N,. 



57792 
10245 
15443 



50000 
10264 
12474 



50500 
181 70 

5093 



M.. 



o 
-23878 
-1-26594 



o 

- 7482 

f 8II8 



o 
— 12792 
+ 12230 



^Nm. 



19300 

3415 
5148 



16666 

3421 
4158 



16833 

6057 
1698 



IM.. 



o 

-15919 
+ 17729 



o 

- 4988 
+ 5412 



- 8528 

+ 8154 



p' 



Upper. 



4-19300 
-12500 

+ 22900 

42200 

o 



+ 16666 

- 1567 

+ 9570 
26200 

o 



+ 16833 

- 2471 

+ 9852 

26700 

o 



Lower. 



+ 1930C 

19300 
— 12600 

38600 



+ 16666 

+ 8409 

- "54 

25100 

o 



+ 16833 

+ 14585 
- 6546 

31400 

o 



Point. 



o 
o 
o 
o 
o 



Crown 



<< 

C ( 
4 ( 
( f 



6' 
6' 
6' 
6' 
6' 
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In this table all stresses are given in pounds per square 
foot. 

From the above table we see that there is no tension 
at the three points considered, and that the maximum 
compression is well within the safe strength of the mate- 
rial assumed. Also, that the greatest fiber stress is at the 
supports. 

65. Effect of Temperature Changes. — Our knowledge of 
the effect of changes of temperature upon stone arches is 
very meager. The coefficients of expansion for different 
stones are known , but how long it takes for a stone bridge 
to become of uniform temperature we do not know. Prob- 
ably all portions of the arch ring are never of the same 
temperature. The range of the average temperature is 
probably small. (See Arts. 33 and 34.) 

In this case we will assume that the temperature 
changes 40° above or below the temperatiu*e of the arch 
when built. This is without doubt an excessive range. 
The horizontal thrust is (Art. 27) 

^ ef IE ef IE 



lAyiy-ya) 1.4(113.168)' 

where J = *5^/ = 3.I4-^2.2S =1.4. 

For Qtoincy granite 

^=0.00000381, 
£ = 6776000, 



Then 



_- (0.00000381) (40) ( 60) (67 76000) (144) 

H,= -g- S6100. 



So 
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From Art. 27, 

Ml =iy,ya = 56100(5.315) = 298200, 

M^^Mx'-H.y^Htiya-y). 

The above values of Ht and M\ will have signs depend- 
ing upon whether the change of temperature is an increase 
or a decrease. 

For falling temperature the upper fibers at the support 
are in tension, and at the crown in compression. 

The following table gives the fiber stresses at the support 
and the crown. 



FIBER STRESSES DUE TO CHANGES OF TEMPERATURE. 

POINT O. 



Tempera- 
ture. 


Nm, 


Mm, 


iiV.. 


iM„ 


P- 


Upper. 


Lower. 


+40** 


-48638 
+48638 


298200 
298200 


-16213 
+ 16213 


198800 
198800 


— 215000 

+ 215000 


+ 182000 
— 182000 



CJIOWN. 



-40^ 
+ 40* 



— 56100 
+ 56100 



149600 
149600 



— 18700 
+ 18700 



99700 
99700 



+ 81000 
— 81000 



— 1 18400 
+ I 18400 



Combining the above values with those obtained for the 
dead load and live load we have 



For point o: 

Maximum compression. 
* * tension 

For the crown: 

Maximum compression. 
** tension 



Upper Fibers. 


Lower Fibers. 


257200 


220600 


208200 


175300 


107200 


143500 


65900 


103000 
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The above values correspond to a maximum compression 
of 1786 pounds per square inch and a maximum tension of 
1446 pounds per square inch. In compression the factor 
of safety is from 8 to 10, "but in tension the ultimate strength 
of the joints is exceeded. As a large number of railway- 
bridges have been built upon practically the dimensions 
we assumed and no indications of failure ' having been 
fotmd, we must conclude that the range of temperature 
change assumed in this example is very much too great. 
Furthermore, it requires a drop in temperature of only 
four degrees to completely balance the compression pro- 
duced by the dead load in the upper fibers at the support. 
Without question, then, our asstunptions about the effect 
of temperature changes are not correct. Until we know 
more about the subject it is useless to make calcula- 
tions according to the ordinary assumptions. (See Art. 

66. Effect of the Axial or Direct Stress. — ^In all of the 
work above, the effect of the direct compression or tension 
has been neglected. If the rib is subjected to a uniform 
stress, it will be shortened or lengthened according to the 
character of the stress. All vertical loads produce direct 
stresses which in effect shorten the rib. 

As explained in Art. 19, the horizontal thrust produced 
by this shortening, when fotmd, will be treated the same 
as the thrust for a change of temperature. 

Prom Art. 19, 



„ / V ^^X COS <}> 

2y{y -ya) + ^^pr 
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in which all quantities are known from previous calcula- 
tions, with the exception of the last tenn in the denomi- 
nator. The computation of this term is given in detail 
below. 



Point. 


8x. c 


OS 0. 


8x cos ^. 


I 


2.77 o 


880 


2.44 


2 


2-83 


903 


2.56 


3 


2.90 


925 


2.68 


4 


2.96 


943 


2.79 


5 


301 


959 


2.89 


6 


305 


973 


2.97 


7 


3.08 


983 


303 


8 


3" 


992 


309 


9 


z-n 


997 


3.12 


lO 


3M 


999 


314 


28.71 



-T^iif cos ^ = 2(28.71) =57.42, F = 3, J = i.4» FJ=4.2, 



Idx cos <l> 57.42 



FA 



4.2 



= 13.67, -ry(y-ya)'=ii3i68. 



Then 



113. 168 
126.84 



=0.892, .'. Ha=o.io8Hi =11% ffi, say. 



The value of Hi for the dead load is 50000; then the 
corresponding axial stress produces a thrust, opposite in 
character, of 5500. The horizontal thrust produced by a 
drop of 40® in temperature is 56100; therefore the effect of 

5 500 



the axial stress equals 



56100 



= .091 of the stresses due to 



this drop of temperature. At joint zero the upper fiber 
stress due to —40® is 215000 tension. 215000(0.091) = 
19600 tension. 
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FIBER STRESSES DUE TO THE AXIAL STRESS. 



Dead load 

L.L. 1-8 

9-1' 

1-7 and 7'-i'. 

8-8' 

i-«' 



7'-!'. . 



-40* 



Hi. 



50000 

7050 
15687 

10263 

12474 

17606 

5132 
51600 



//.. 



5500 

776 

1726 

1128 

1372 
1936 

56s 
5676 






0.091 
0.014 
0.031 
0.020 
0.024 
0.034 

O.OOI 
O.IIO 



Point o. 



Upper. 



— 19600 

— 3000 

— 6700 

— 4300 

— 5200 

— 7300 

— 220 

+ 24000 



Lower. 



+ 16600 
+ 2500 
+ 5600 
+ 3600 

+ 4400 
+ 6200 
+ 182 
— 20000 



Crown. 



Upper. 



+ 7400 
+ IIOO 
+ 2500 
1600 
1900 
2800 
81 



+ 
+ 
+ 
+ 



-8900 



Lower. 



— 10800 

— 1700 

— 3700 

— 2400 

— 2900 

— 4000 

— 118 
+ 13000 



Combining these stresses with the dead- and live-load 
Stresses previously obtained, we have (see Art. 64) : 

FINAL STRESSES, INCLUDING EFFECT OF AXIAL STRESS. 



Loads. 


Upper Piberi. 


Maximums. 


• 




' Dead load 

L.L. 1-8 

'* 9-1' 


+ 19300— 19600"" — 300 
-12500- 3000^-15500 
+ 22900 — 6700« + 15200 


Max. comp.'* 12200 
'• ten. -18500 


** 

t 




Lower Fibers. 






Dead load . 

i^.i.*. 1^0. ..... ... 

L •• 9-1' 


+ 19300+ i66oo« +35900 
+ 19300 + 2500— + 2 1800 
— 12600+ 5600—— 7000 

Upper Fibers. 


Max. comp.» 57700 
•' ten. 




' Dead load 

LL. 1-7 and 7'-i' . . . 
* 8-8' 


+ 16666+ 7400« +24100 
- 1567+ 1600- + 33 
+ 9570+ 1900— + 1 1470 

Lower Fibers. 


Max. comp.B 35600 
'* ten. 


• 

a 

!■ 








Dead load 

LL. 1-7 and 7'-i'. . 
0—0 • . • 


+ 16666— ^0800-" + 5900 
+ 8409— 2400— + 6000 
- 1254- 2900—— 4200 


Max. comp.»ii900 
"ten. 



Teraperatttre. 

^40** 
=F40** 
=F40* 
±40* 



=F 2I5000± 24000— =F IQIOOO 

± i820oo=f 20000= i 162000 
± 81000T 8900= ± 72100 
=F 1 18400 i 13000= T 105400 



Upper fibers at o. 
Lower ** ' o. 
Upper ' 
Lower 



' ( 



crown 
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These stresses show that the effect of the axial stress 
is considerable, and also that the fiber stre?^>es at the sup- 
port are reversed in one case so that the upper fibers are 
in tension about 128 lbs. per square inch. As this tension 
is not large and exists for but a short distance, the ring 
may be considered safe. This assumes that no tempera- 
ture effects are considered. The maximum compression is 
400 lbs. per square inch in the lower fibers at the support. 

The effect of the axial stress is to lower the equilibrium 
polygon at the support and raise it at the crown, or it 
increases the compression and decreases the tension in the 
lower fibers and decreases the compression and increases the 
tension in the upper fibers at the support. While at the 
crown the reverse is true. 

If this arch ring had been assumed free, then the above 
tension could not have been allowed (see Arts. 31 and 33). 

67. A Check upon the Effect of the Axial Stress for I>ead 
Loads. — To show how nearly the results of the above 
method of considering the axial stress agrees with those 
obtained by direct calculation, we will briefly compute Hi 
and Ml for the dead load, and also the fiber stresses at 
the support (see upper table on page 85). 

Ml = IHiya — ^^1 = 23 7049 — 266020 = — 29000, 
iVx=» 29000(0.498) +44600(0.867) =14442 +38668 =53100. 
•*• /^=i(S3ioo) ±§(29000) = 17700 ±19300 
= 1600 tension in upper fibers 
= 37000 compression in lower fibers. 
From Art. 66 the corresponding stresses are 300- tension 
and 35900 compression, the results in the table being about 
1 1 00 too large numerically. This equals a stress of less 
than 8 potmds per square inch and for the compression a 
relative error of 3 % + . 



EXAMPLES SHOEING APPLICATION OF FORMULAS. 

COMPUTATION OF Hi and Afi WHEN AXIAL STRESS IS 

CONSIDERED. 



8S 





Common 






mi for 


Dead 


tfii for 


Point. 


Hi. 


Tnxe 


True 


Load Unity, 


Load. 


Dead 




Art. 5 a. 


Hi. 


Hiy». 


Table C. 


Art. 5a. 


Load. 


I 


O 






1-377 


3350 


4613 


2 


362 






3-888 


3200 


12442 


3 


939 


m 




6.184 


3050 


i386i 


4 


1637 


? 




8.234 


2950 


23669 


5 


2316 


M 

• 




10.0^4 


2800 


28067 


6 


30^59 



1 


M 


"•535 


2800 


32298 


7 


3621 


1 


»o . 


12.767 


2700 


34471 


8 


4012 


CO 


13.696 


2600 


35610 


9 


4465 


E 


B-S 


14.317 


2650 


37940 


xo 


4573 


^H 


14.634 
Symmetrical 


2600 


38048 




24994 


28700 


266020 




2 


• a 




values 


say 










combined 


29000 












499^ 








i D.L. or 


Inh. 




say 














50000 


44600 


237049 




Vi 





Evidently the method employed in Art. 66 is quite 
accurate enough for practical purposes. 

68. Effect of Making Spandrel Filling of Uniform Material 
Weighing 100 Pounds per Cubic Foot. 



COMPUTATION OF H,. 



Point. 


Ring and 
Track. 


Fill 

zoo Lbs. 

per Cu. Ft. 


Total 
Dead 
Load. 


Common 

/ft. Load 

Unity. 


Common 
Hi. 


Hxvnth 

Effect of 

Axial Stress. 


I 
2 

3 
4 

5 
6 

7 

8 

9 
10 


1684 
1663 

1695 
1679 

1692 

1689 

1695 
1679 

1690 
169s 


2850 
2470 
2170 
1880 
1630 
1410 
1240 
1090 
1000 

950 


4500 
4100 
3900 
3600 
3300 
3100 
2900 
2800 
2700 
2600 


0.0 
0.1125 

3075 
5550 
8265 

I 0955 
I. 3410 

I 5425 
I . 6850 

I • 7585 
Table B 




461 
1 199 
1998 
2727 
3396 
3889 
4319 
4550 
4572 


1 

tl 

? 

M 

• 



1 

M 




33500 
2 


27111 
2 


CI 




67000 


54200 
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COMPUTATION OF 


W|. 


Point. 


mi. Load 

Unity. 

Table C 


Dead 
Load. 


mi for 
Dead Load. 


I 


^'lll 


4500 


6197 


2 


3.888 


4ZOO 


15941 


3 


6.184 


3900 


24129 


4 


8.234 


3600 


39642 


5 


10.024 


Zy>o 


33079 


6 


"535 


3100 


35759 


7 


12.767 


3900 


37024 


8 


13.696 


2800 


38349 


9 


»4.3i7 


2700 


38656 


lO 


14.634 
Table C 


2600 


38048 


296824 



Ml - IHxya - Inti = 48300(5.3 1 5 ) - 296824 

— 256715 —296824= —40100, 

M\ —40100 
7/1 






—0.83 ft., 



48300 
33500(0.498) +48300(0.867) - 16683 +41876 
« 58600. 
•*• />-i(586oo) ±§(40100) « 19500 ±26700 
= 7200 tension in upper fibers 
—46200 compression in bottom fibers. 

This shows that the fill over the haunches and near the 
supports is too heavy for the load upon the crown. The 
original loading could be made less to an advantage. 

At the crown the moment is 



M, «Mi + Vxx ^Hiy - IP(x -a) 

— —40100 + 1005000 —386400—566400 

Nx " Hi sensibly — 48300. 

'. />«i(483oo) ±§(12100) =16100 ±8100 
B 24200 compression in upper fibers 
= 8000 " * * lower fibers. 



+ 12100, 
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The equilibrium polygon is M,4-//i = 12100-5-48300 = 
0.25 ft. above the neutral axis. 

Combining these stresses with the live-load stresses of 
Art. 66, we have 



— 7200 + 15200 = 8000 comp. in upper fibers 

— 7200 — 1 5500 = 22 700 tension in upper fibers 
-f 46200 -f 21800 =68000 comp. in lower fibers 
+46200— 7000=39020 ** '* '* '* 
+ 24200 + 1 1470 =^35670 comp. in upper fibers 
+ 8000 + 6000 = 14000 * * ' * lower fibers 



at support 



at crown. 



If the above tension is considered more than allowable, 
then the spandrel filling should be made lighter. Since 
the maximum compression is very much less than the 
allowable stress for granite, the ring will unquestionably 
adjust itself by increasing this compression, and not resist 
much tension, if any (see Art. 31.) 

69. The Radial Shear.— From Art. 29, 

Tx = Fxcos <f> —Hx sin ^. 
For point zero, or the support, this becomes 

r, = Fi (0.867) -Hi (0.498). 
For dead load (see Art. 52) 

Tx = 28700(0.867) - 50000(0.498) = 24880 — 24900 =0. 

For live load over all (see Table D) 

Tx ==12000(0.867) —22737(0.498) = 10400 — 11320 = -920. 

At the crown </> is zero, hence 
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For the dead load Tx =o. 

For a live load lo'-i' inclusive 7^ = Vi =2254. 

In like manner any other point may be considered , 
When equilibrium polygons are drawn a glance is sufficient 
to determine if there is danger of slipping at the joints. 
Usually the radial shear requires but little attention in 
stone arches, 

70. Second Example. Data. — For this example we will 
take a reinforced-concrete rib of the Thacher type.* 
<31ear span 50 ft. and rise 10 ft. The thickness at the 
crown is taken as 1 2 inches, and at the spring line 4 feet 6 
inches. Plate IV gives all data concerning dimension and 
reinforcement. The dead weight of the entire structure 
is assumed at 140 poimds per cubic foot, and the live load 
1 12 pounds per square foot. The first step in the solution 
of a problem of this type is to obtain all the data shown 
in Plate IV either by algebraic or graphical methods. In 
the present instance many of the data were obtained from 
a carefully constructed drawing as indicated in the figure. 
The modulus of elasticity of the concrete is assumed to 
be ^ that of steel, and hence the area of the steel is equiva- 
lent to twenty times that area in concrete. 

71. Subdivision of the Arch Axis. — Contrary to the 
usual custom we will not attempt to so divide the arch 
ring that is-^I will be constant, but simply divide the 
span into twenty equal parts and determine all quantities 
necessary for points at the centers of these divisions. 
This is clearly shown in Plate IV. 

The moment of inertia at each point is foimd as shown 



* Essentially the arch taken by Professor Cain in "Theory of Concrete Arches 
and of Vaulted Structures." 
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in Table I, page 90. Prof. Cain in his book referred ta 
above gives a very complete exposition of the method for 
dividing the axis so that ds-^I shall be constant. 

72, Computation of Hi for Unit Loads. — The process, 
is precisely that followed in the first example, only we use 
the general formula (Art. 13) 



2x7 1 = 



Im,A,. _ . ^^p 



lyA 



(-^) 



Tables I and II give the work in detail (see pp. 90, 91). 
73, Computation of Mi. — ^The general formula in this 
case is (Art. 13) 



m.-h/'"' 






/I 2x^J \ 
W^'lxj) 

Hi and -^ have been found in Tables I and II, so there 

remains simply the multiplication of the two factors. 
The determination of the second term we will take up in 
detail, as it is well to know a few checks and short methods. 
Designating this term by Wi, 

^ / Ix^J\ ^ / Ix^J\ 

dx /Sx\ ^ 

To find Ix^J, let x=-—z\ then x^ = \^—J z^, where 
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TABLE I.— COMPUTATION OF J. 
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a 


8 


4 


ft 


6 
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8 
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10 
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12 
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■ 
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1 


1 

M 
















• 
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• 
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*•> 


«I2 
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1 


• 


1 


n 




+ 




1 




• 


£ 


• 


•4S 


il2 


^\n 


■*l« 


2.99 


«I2 


R 1 n 
.4£l M 


3-41 


HI •« 


?; 


\ 


I 


3.80 


54-87 


4.57 


1.90 


^li 


0.598 


5-17 


0.66 


1. 10 


0.726 


2 


2 80 


21-95 


1.83 


1.40 


123 


I-5I 


0.302 


2.13 


3-21 


I-5I 


3-05 


4.606 


3 


2.08 


9.00 


0-75 


1.04 


0.87 


0.77 


0.154 


0.90 


3.08 


3-42 


4.66 


15-937 


4 


1-54 


3-65 


0.30 


0.77 


0.60 


0.36 


0.072 


0-37 


2.92 


7-8c 


S-95 


96.946 


5 


1.38 


2.63 


0.22 


0.69 


0.52 


0.27 


0.054 


0.27 


2.81 


10.41 


6.98 


72.662 


6 


1.30 


2.20 


0.18 


0.65 


0.48 


0-23 


0.046 


0.23 


2.75 


11.96 


7-77 


92.929 


7 


1. 19 


Z.69 


0.14 


0-59 


0.42 


0.18 


0.036 


0.18 


2.74 


15.22 


8.30 


126.326 


8 


1. 10 


^•^Z 


O.II 


^'SS 


0.38 


0.14 


0.828 


0.14 


2.70 


19.28 


8.71 


167.929 


9 


1.03 


1.09 


0.09 


0-51 


0.34 


0. 12 


0.024 


0. II 


2.68 


24.36 


8.98 


218.753 


lO 


i.od 


1. 00 


0.08 


0.50 


O'ZZ 


O.II 


0.022 


O.IO 


2.68 


26.80 


9. 12 


244.416 
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991.23 




£A 243.02 *" 
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2 




2 








''ir 
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TABLE IL- 


-COMPUTATION OF 


Hi. 
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% 
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4 


5 
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8 
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P «r wmP * 
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X. 
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^ 
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1 1 
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fHa* 
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Ma. 
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• 


k 9s 


"^ 


?v 












I 


0.66 


-7-0576 


- 4.658 


- 5.1238 


1.34 


1 

1 s 


1-34 


— 6.242 


1-34 


2 


1-51 


-5.1076 


- 7.712 


- 23 5256 


1-34 


4.02 


- 31.002 


4.02 


3 


3-42 


-3 4976 


— II. 962 


- 55-7412 


1.34 


„ 


4.02 


- 48.087 


6.70 


4 


7.89 


— 2.2076 


-17.418 
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1-34 


l\ 


4.02 


— 70.020 


938 


5 


10.41 


-I. 1776 


-12.259 
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4.02 


— 49.281 


12.06 


6 


11.96 


-0.3876 
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7 


15.22 
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17.42 
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+ 92 7639 


1.34 


^^ 
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20. 10 
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3t 
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22.78 


20 


26.80 
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+ 235 2259 
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^ ^ 
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-58.645 
+ 58.643 


-309.6144 
+ 525.8810 








-223.269 

+235-745 






.002 


+ 216.2666 





+ 12.476 








1 


IB 


IC 




ImxB 




ItHxB 






2H, = o 


0.0576 


. 
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TABLE II.— COMPUTATION OF H^— Concluded. 



c 

'o 



I 

2 

3 
4 

5 
6 

7 
8 

9 
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11 



P«-x-P«'. 
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4.02 



0.70 
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fflzBm 
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.SI.0O2 
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— 82.135 
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+ 134.228 
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+392.908 
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+ 45.622 
ImxB 



2^1*= 0.2109 



12 
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m. 
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4.02 

6 




9 

9 
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— 6.242 

— 31.002 

— 80 . I 1 
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+ 241.929 



+ 550.071 
-439-245 



+ 110.826 
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0.5123 



14 




15 


Pa 
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fHsjO. 
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— 31.002 

— 80.145 

163.. ^81 
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+ 26.134 
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-484.524 



+ 222.711 
IntxB 



1.0298 



16 



17 



P«-i-Pe'. 



9ff s. 



1-34 
4.02 

6.7c 

9.38 
12.06 



14.74 
14.74 

14-74 
14.74 

14.74 



fIttOt 



— 6.242 

— 31.002 

- 80.145 
-163.381 

— 6^-335 
+ 31.942 
+ 156.981 
+ 295.301 
+ 380.174 



+ 864.398 
-496.949 



+ 367.449 
InixB 



1.6990 



1-34 
4.02 

6.70 

938 
12.06 

14.74 
17.42 
20.10 
22.78 
25.46 



s 

& 



I 

2 

3 
4 

5 
6 

7 
8 

9 
10 



18 



19 



P7-1-P7'. 



tHg» 
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OS 



I 



17.42 
17.42 
17.42 
17.42 



+ 37-749 
+ 185.523 

+ 348.992 
+ 449 297 



+ 1021.561 
- 496.949 



+ 524.612 

ZTItxB 



2fi'i« 2.4257 



30 



31 



Pg-,-Pg'. 



fHgt 



17 42 



20. 


10 


20. 


10 


20. 


10 



WaB. 



>o" 



I 

+ 37-749 



+ 214.065 

+ 402.683 

+ 518.419 



+ 1172.916 
- 496.949 



+ 675.967 



3 1256 



92 



33 



P^^i^P/. 



fttg. 
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20. 10 



22778 
22.78 



fKxB, 



9 
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+ 37 • 749 
+ 214.065 



-H 456-374 
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+ 1295.730 
- 496.949 
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? 
I . 

+ 37 - 749 
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+ 1364.852 
- 496.949 



+ 867.903 



4.0131 
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— = 1.34, or one half of one of the twenty divisions into 

which we divided the span of the axis. The first five 
columns of Table III give the complete determination of 

J^ -30.373. 

-2'^(^i/-j^y =243.02(26.8-30.373)= -868.304. 

We now have 

JWxJC^ -30373) 
^'^ -868.304 • 

Cols. 6, 7, 8, and 9 give the deduction of ^^(^ — 30.373)^ 
and in col. 9 the algebraic sum is found to be —868.308^ 
which should equal the denominator when all work is correct. 
In this case the difference is 4 in the third decimal place 
(see cols. 10, 11, and 12). 

The next step is the computation of 

^ ./ X ^ — ^^(^ — '?o.^73) 

^^^^(^ -30.373) _ 1.34 ^ ^ ^'^^ 

-868.304 -648 

This may be written 

_ p ''y ^(^-30-373) ,, . p "^H"^ ^(^-30-373) ^ 

^-0 648X1.34 x-0 648X1.34 

since 

fftx^RiX for it^o to %=a 
and 

w,=i?2^ for^ = ato%=/, af^l-'X. 
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Dividing both numerator and denominator by 1.34, x 
becomes z and the denominator 648. Cols. 14 to 26 inclusive 
show the solution of the above equation in detail. As 
checks col. 18 should sum zero and col. 19 have an alge- 
braic sum equal to the span, in this case S3 -6. The error 
in each case is 0.0078. 

Cols. 26 and 27 give the values of Mi for unit loads. 

74. Values of Vi, yi, y^, yoi ©tc, for Unit Loads. — ^These 
qtiantities are quickly determined as shown in Table IV, 
which also contains for convenience in future calculations 

the values of 2" of Hi, Vi, V2, Mu and M2. 



75. Values of Hi and Mi for the Dead Load. — Since the 
span is divided into equal parts, the dead load at each 
point equals 140 X 2.68 x the ordinate from the intrados 
to the roadway, nearly; so it is unnecessary to carry 
the common factor 375.2 through the work. Colimm 2 
of Table V, page 98, contains the ordinates which mtist 
be multiplied by 375.2 in order to obtain the dead load 
assiuned at each point. 

Tables V and VI give the values of Hi and Mi as 
found by considering each load separately, and also by 
considering the loading as a whole. For Mi we have 
— 40.289 and —40.301. For Hi we have 46.504 and 46.502, 
in both cases close agreement. 

76. Location of the Equilibrium Polygon for the Dead Load. 
— Knowing Hi, Vu and Mi we can graphically locate 
the polygon. The algebraic determination of Mx-^Hi, 
however, is more acctirate and requires hardly any more 
time. From Arts. 16 and 17, 

H- V I A I V ' I A /Hi 
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EXAMPLES SHOfVING APPLICATION OF FORMULAS, loi 

Table VII gives the values of jj^ in col. 6, showing that 

the polygon nearly coincides with the arch axis. 

77. Maximum Fiber Stresses Produced by the Dead Load at I 

Point I. 

Moment of inertia = 5.17 =7. 

Area of section in eqtiivalent concrete— 3 80 -f 0.20 

= 4.oosq. ft. ^F. 
Dist. outermost fiber of concrete from neut. axis = i .90 '^z. 
*' e.g. of steel above or below neutral axis >= 1.73 =/. 
Ji; = i.34, y = i.io. sin ^=0.618, cos ^«o. 786. 

Mx^Mi + ViX-Hiy, 
Nx = Vi sin +//i cos ^, 

Tg = Vi cos <f> —Hi sin <f>, 

Ml =-40.289(375.2)= -15116, 

Hi = +46.502(375.2) - 17448, 

Vi =51.520(375.2) = 19330, 

Hiy = 17448(1.10) = 19193, 

Vi^ = 19330(1.34) •= 25902. 
Then 

Afa:= —I5I16 +25902 —19193= —8400. 

From Table VII we have 

Mx = i7448(— 0.482) = —8200^ 
a difference of 200 poimds per square foot. 

iVx = 19330(0.618) +17448(0.786) =25660, 

p ;r±o-367(Afx)=^^7^ ±o.367(-840o). 

4 4 

/, p^g^oo comp. in the lower fibers of concrete 
and 3300 comp. in the upper fibers of concrete 



I02 SYMMETRICAL MASONRY ARCHES 

The unit stresses in the steel are as follows : 



-r±o.334M; 
I 4 



20 = (6415 ±2800)20. 



/. p' « 184300 comp. in lower steel 
and 72300 comp. in upper steel. 

The above unit stresses are potinds per square foot. 
Reducing them to pounds per square inch, 

the maximum compression in the concrete is 66 lbs. 
and *' " '* *' '' steel is 1280 lbs. 

These values are quite insignificant when compared with 
the ultimate strengths of the materials. 

78. MaTimum Fiber Stresses Produced by the live Load at 
Point I. — ^From Plate III we see that loads 1-7 inclusive 
produce one kind of stress and loads 8-1' inclusive the 
opposite kind. 

A live load of 1 1 2 pounds per square foot of roadway 
'is equivalent to about 300 pounds for each division of the 
span. For loads 1-7 inclusive the fiber stresses are ob- 
tained as follows (see Table IV) : 

Ml = -30.462(300) = -9139 

Hi= 2.9675(300) = 890 

Fi= 6.654(300) = 1996 

M*^ -9139 + 2680-979= -7438 

Vi sin = 2000(0.618)= 1236 
Hi cos = 890(0.786) = 700 

.'. A^= 1936 



EXAMPLES SHOIVING /iPPUCMTION OF FORMULAS. loj 
IQ?6 

P ;- ±7438(0.367) 

= 3214 compression in lower fibers of concrete 
and 2246 tension in upper fibers of concrete. 

For the steel we obtain 
[1936 



/>'=' 



±7438(0.334) 



20 « 59400 comp. in lower steel 

and 40000 tension in upper steeL 

For loads 8-1' incltisive we have (see Table IV) 

Ml = 50.788(300) = + 1 5236 

^1 = 13-7995(300) = 4140 

V'l^ 3346(300) = 1000 

Mx= +15236 + 1340 -4550 =+13330 

Vi sin 4> = 1000(0.618) — 620 
Hi cos 4> =4140(0.786) = 3250 



.-. N.- 3870 

3870 , , , 

P —±13330(0.367) 

4 

= 5860 compression in upper fibers of concrete 
and 3920 tension in lower fibers of concrete. 

For the steel, 
p^ =[970 ± i333o(o.334)]2o = 108400 comp. in the upper steel 
and 69600 tens, in the lower steel. 

79. Mairinmin Fiber Stresses Produced by the Dead Load at 
Point 7. 

Moment 01 inertia =0.1 8 (see Table I). 
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Area of section in equiv. cone. = 1.19 +020 = 1.39 sq. ft. 
£[=0.60, 2^ =0.43, ^ = 17.42, y = 8.3. 

sin ^=0.208, cos ^=0.978. Mi = — 15116 

M^^Mi+Vix-Hiy-iP{x-a), Hi- 17448 

JVx = {Vi - IP) sin 4> +Hi cos ^, Vi = 19330, 



s 



T, = (yi -JP) cos ^-Hi sin ^, JP- 15732. 



1^1^ = 336728, Hiy =-144818. IP(x-a)^ 176241, 



.-. M,-+5S3- 



From Table VII, 



M,-i7448( +0.037)- +646. 

This indicates a large percentage of error. The error 
IS of no consequence as it amotints to less than 3 potinds 
per square inch fiber stress. In order that col. 6 of 
Table VII shotdd be correct much greater accuracy 
would be required in the previous work. For practical 
purposes, however, col. 6 is quite accurate enough. 

(Vi — IP) sin ^ - 749, Hi cos ^ = 1 7064. 

.*. ^, = 17813. 

^"7^ ±^*(3i) -12820 ±1843, 
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or p = 14663 compression in upper fibers of concrete 

and p = 10977 compression in lower fibers of concrete 

For the steel, 



1 1-39 



±M,(2.4) 



20 — {12820 ±1327)20 



or // - 282940 compression in upper steel 

and f^ — 229860 compression in lower steel. 



80. MaTimum Fiber Stresses Proiaced by the Live LoUds at 
Point 7. — From Plate III we find that loads 1-8 inclusive 
produce positive moments at this point and loads 9-1' 
negative moments. 

- • 

Considering first, loads 1-8 inclusive : from Table IV,. 

Ml =-29.839(300)-- 8952, (yi-iP)sin^- 88, 
^1 " 4.53 (300) « 1359, Hi cos ^ =• 1329., 

Vi=- 7.411(300)=- 2223, /. 7^,-1417. 

Vix^ 2223(17.42)=- 38725, 
H\y^ 1359(8.3) " 11280, 
iP{x -a) =16884. /. Af , = + 1609. 



p = -^^±i6io(3i)=i020±5367. 
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Then 

p =4347 tension in the lower fibers of concrete 

and /> =6387 compression in the upper fibers of concrete. 
For the steel we have 

p^ = { 1020 ± 1610(2.4) } 20 = { 1020 ±3864} 20, 
or />' = 56880 tension in the lower steel 

and />' =97680 compression in the upper steel. 

Proceeding in a manner similar to that employed above 
lor loads 8-1' we obtain 

p = 8040 compression in lower fibers of concrete 

and p = 2640 tension in upper fibers of concrete, 
p' = 145280 compression in lower steel 

and /?'= 37280 tension in upper steel. 

81. Matimuin liber Stresses Produced at Points i and 7 by 
the Dead and Live Loads. — ^Tabulating the above results 
and combining those producing maximums we have the 
results given in the table at top of page 107. 

The maximum stress in the concrete is 146 poimds 
compression per square inch and in the steel 2650 pounds 
compression per square inch, values considerably below 
the allowable. There is no tension at these points. 

82. Temperature Stresses. — ^For a change of tempera- 
ture of ±40° F. the horizontal thrust is 6500 when JE = 
1500000 and ^=0.000006. 
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MAXIMUM FIBER STRESSES. 
(pounds per square foot.) 



Loads, etc. 

Dead load 

Live load 1-7 

** ** 8-1' 

Mazimum compression. 

* * tension 

Dead load 

Live load 1-8 

" " 9-1' :... 

Mazimum compression 

* * tension. 



Concrete. 


Steel. 


Upper. 


Lower. 


Upper. 


Lower. 


+ 3300 


+ 9500 


+ 72300 


+ 184300 


— 3240 
+ 5860 


+ 3214 
- 3920 


— 40000 
+ 108400 


+ 59400 
— 69600 


9160 


12714 


180700 


343700 














+ 14663 

+ 6384 
— 2640 


+ 10977 

- 4347 
+ 8040 


+ 283940 
+ 97680 
- 37380 


+ 339860 
- 56880 

+ 145380 


21047 


19017 


380620 


375140 















Point. 



Mx = 65oo^y--|^j =6500(^-8.1576), 
iVx =H cos ^ =6500 cos ^. 



For point i, 

Mg « 6500(7.06) =4S90Oi 
iV, =6500(0. 786) = 5100. 

For a drop of 40° F., 



P-- 



5100 



T 45900(0-367) = -1275T 16850, 



or 



p = 18125 tension in upper fibers of concrete 



and P = 15575 compression in lower fibers of concrete, 
For the steel, 



^ = 332100 tension in upper steel 
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and // ^ 281 100 compression in lower steeL 

For point 7, 

M, =6500(0.142)- 923, 

iV, -6500(0.978) -6400. 
Pot a drop of 40® P., 

P— 7^=F 6400(3^) « -664T 21333, 

or p — 22000 tension in upper fibers of concrete 

and p — 20700 compression in lower fibers of concrete* 
Por the steel, 

// — [— 623T 6400(2.4) ]2o — — 12460T 307200 
or f^ "319700 tension in upper steel 

and f^ — 294700 compression in lower steel. 

A rise of 40° F. will reverse the above stresses. 

83. Maximum Stresses Produced by Dead Load, live Load^ 
and Changes of Temperature. — Combining the stresses of 
Art. 81 and 82 we have: 

Point I : 

p -27285 compression 1 

, ^ . upper fibers of concrete ; 

17065 tension J 

^* 28289 compression 1 , 

• lower fibers of concrete ; 
1 0000 tension J 



EXAMPLES SHOUTING /IPPUCATION OF FORMULAS. XO> 

/>' = 5 1 2800 compression \ 

f upper steel: 
300000 tension J 

p^ « 524800 compression 1 

lower steeL 



166400 tension 
Point 7 : 



} 



p« 43000 compression 1 

r upper fibers of concrete ; 
loooo tension J 

p- 39700 compression! ^, r 

r lower fibers of concrete : 
1 41 00 tension J 

f/ B 700300 compression 1 

f upper steel : 
74400 tension J 

f/ - 669800 compression ] . 

f lower steel. 
121 700 tension J 

The allowable compression in the concrete, when 
temperature is considered, may be assumed at 800X144 — 
1 1 5200 pounds per square foot, and the tension at 11 500 
pounds per square foot. 

In compression the maximum stresses are consider- 
ably less than the allowable, while in tension they are 
much larger. Yet if the tensile strength of concrete 
is taken as one tenth the compressive strength, the above 
stresses are less than the ultimate strength of the mate- 
rial. If it should happen that a maximum change of 
temperature and a maximum live load should occur at 
the same time, the concrete would probably crack, but 
the steel and the compression concrete have ample mar- 
gin to cover this contingency. It is quite improbable that 
a range of ±40® F. ever occurs, so the two sections may 
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be considered safe. The crown should be examined in 
an actual case. Although the live-load moment will be 
small, the temperature moment will be considerably 
larger than at point 7. 

84. The Axial Stress. — ^Thus far the effect of the axial 
stress has been neglected. Proceeding in the manner 
followed in example i, the value of Ha is found to be 
about 6.7% of Hi. The effect is seen to be somewhat 
less than in the previous example. As the rise of the 
span increases the effect grows less. 

85. Assumption that Steel Resists Entire Bending Moment 
Due to Changes of Temperature at Point i. 

Max. comp. in upper steel due to D.L. +L.L. — 1255 lbs. 
per sq. in. 

Max. comp. in lower steel due to D.L. +L.L. —1700 lbs, 
per sq. in. 

Moment due to ±40® = ±45900 ft.-lbs. 

Area of steel =i[f (2! -})]== 0.70 sq. in. 

Dist. c. c. steel =3.80 —0.34 =3.46 ft. 

45000 
Total stress in steel = . =13300 lbs. 

3.46 ^"^ 

13300 

Stress per sq. in. « — 7-^ = loooo lbs. 
* 0.70 

Max. comp. =19000 +180 + 1 700 = 20880 lbs. per sq. in. 

Max.tension= —19000 — 180 + 1225 =^7960 lbs. persq.in. 
All well within the elastic limit of the steel. 

This shows that even if the ring should crack entirely 
through at point i , the steel would safely carry the maxi- 
mum temperature moment even when combined with the 
dead- and live-load stresses. 

A brief calculation for point 7 and the crown shows 
that the steel is here stressed well within the elastic limit. 
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86. Third Example. — In this example we will take 
the data iised in the second example and show how the 
computations of Hi and Mi can be quite rapidly made. 

87. The Computation of Hi, — ^The equation used in 
the former calculations was 

where w,— the common moment for equal and sym- 
metrically placed loads. Asstuning tmit loads, the fol- 
lowing values of m, may be written: 
Between the load and the left support 

ntx =RiX ^x = — Zy 

2 

where 8x is the length of the division into which the span 
is divided, or l^ndx. 

Between the first load and the center of the span 



dx 
Wx =i?i^— {x —a) =a =fe--. 



Then 






iMy-'^Kl<y-'^>^Ki{y-^>}--^- 



2 2 



an expression which is very quickly handled numeric- 
ally. 

Although the general data, such as the values of x, 
y, /, bs, etc., are given in the second example, we will 
repeat some of it for convenience. 
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GENERAL 


DATA. 










,. 


y. 


;. 


„. 


>. 


yi. 


y-^. 


'(.%> 


, 


i-M 


l.IO 


S."7 


341 


0.66 


0.726 


-7.0576 


- 4.658 






















4.606 








1 




7° 








<J0 


VoB 


1 


4" 


'S937 


-1 


4976 


-.■.969 






1H 




21 








7 


So 


46.946 






























.776 




t 




74 


7 


77 




S 


a-7S 




06 


ga,9J9 




,876 


- 4 634 


7 






N 


1" 




9.74 


IS 




H6.336 


+ a 


1434 


+ 9.167- 








8 












98 




+ a 




+ 10.650 







78 




08 








34 


16 


"8.753 


+0 


8994 


+ 30.034. 




as 


4b 


9 




» 


10 


},i5S 


16.80 


944.416 


+0.9614 


+ 95.79* 










111.51 


99>-*3 


-58.64s 


















+ 58-64* 
















"ir 


1989.46 
lyA 






.001 



The values of fl Id the last cojumn when multiplied by y give the denominator 
ol the expression for Hi. 











COMPUTATIONS 


FOR ff 














(dnit loads.) 










.-- 


i-i- 




«.- 




k 


■B. 


; iB. 


1 A. 


k I B 


D. 










«-o 


«-o 


x-a 






I 


- S "38 ■ 


t 


- 4.658 


- 4658 


+ 4.656 


46,6 














1 


- 93.136 




70< 








g.310 




T 


- SS-74's 


^ 


S 


- 59. Sit 






+ '433^ 






34.04' 




lo.;^ 










-I9..99. 










91( 


&t.^ot 




9,69 


S 


- 85.566; 





<) 


-tio.33' 


-3'9 




+S4.<w; 


48O 


06^ 






';i4i> 










- SO-99< 




8S7 


+58.64; 


64S 




974. 2ie 




840s 




+ .7.98M 


























+ 92-763? 


>•; 


i<i 


+ IS9-7S' 




oif 


+4S.89( 


&B7 


W 


404. 4S« 




5628 





+ 179.902^ 


17 


'7 


+340.57* 


+ IS7 


64: 


+ 25 -79: 


43a 




596. lod 
















■f647 


(«c 






647.68. 




006& 
























+ 595 8S10 
















8.3840 




^^ 
















16.7680 











































The values of Hi are ideniical with those obtained in the second example. 
The number of operations is very much reduced and the multiplications simpli- 
fied. This method is shorter than any algebraic or graphical method advanced 
up to this time. (See pages 90 and 91.) 
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88. The Computation of Mi and M2. — In this case 
we will employ the formula 



M,-H.^-i^ + 



i'm.(*-^) 



Id \ I A './I Ix^J\ f 



\2 Ixjf 



H/y 



This expression contains only known quantities and 
requires but one division and ten multiplications. 

IfftrJ 

As before let ^= — z and a= — k. 

2 2 

For all points upon the left of the load 

l-a 2n-k 

2n— ^ *rc 

/. m^A^A z — . 

2n 2 

Upon the right of the load, between od ^a and X «o 

m«— i?aA/, -^2=7=". 

I 2H 

/. fttgA^A — z — . 
2n 2 

Since A has symmetrical values, 

8x 
2' 

represents the summation of w,J from x^o to x^a 
and x^l—a to :«:=/. 










.«-0 



"4 
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Upon the right of the load and imtil ^ -=/ —a, w, ^^R^, 
and for the two values of w, corresponding to symmetrical 
values of A this becomes 

dx 



«-/-a 


r *-//« 1 


I WxJ — 


k I J\ 


jr— a 


*— a J 



and therefore 



JtfKxd 






2 



£lflxA • 



i*J, the denominator of the expression » . , is already 

known, hence the value of the expression is quickly deter- 
mined. 

(,_JO-C.-.,f, where *e values are evida.«y syn,- 

metrical about the center of the span but contrary in sign. 
Untile— a 



in—k dx 



fHx =■ 



2n 



Between«-/-a and x^l 

k dx 
mx= — z — . 

2W 2 

Then for the symmetrical values of {z—n) which have 
contrary signs we have for the two values of w, 

2n— fe k 1 ix n—k dx 

\z — = z — . 

2n 2nj 2 n 2 



For x^a\jo x^o and ^=atoa/=o 
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I /dx\ 2 *"« 

n\2/ ,-0 

Prom ^ —a to ^=/— a or x^^a 

Wx=i?2^' and Wx=i?2(/-"^). 
For symmetrical points 



nr 2 



Summing the symmetrical values, 
.'. For the total summation 

This expression is somewhat long but very easy to use 



ix^j^(^yiz^j, 



2 2*^2 



/ Ix^J I IzH\jix 



-(«- 



2 i'xi V ni-J / 2 ' 



:ii6 
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and the denominator becomes 



( 



n2dj 2 



The expression for Mi now becomes 



M2 ""''JI 



I zd+k 2 A 



ix 

2£d 



±\{n -k)I{z-n)zA -k I \z -n^J ] 

I x—O s—a J 



ix 






2n 



COMPUTATIONS FOR 








1 . 

s. 

I 

3 

5 

7 

9 
II 

13 
15 
17 
19 


% 


8 


4 


5 

Jir. 

I 

3 
5 

7 

9 
II 

13 
15 
17 
19 


6 


7 


8 


Point. 


u. 


«— 


I J, 
«— 


k I J. 
«— a 


Z.34 


2m ,A 

2i ' 


I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 


0.66 

4. 53 
17.10 

55.23 
93-69 
131-56 
197.86 
289.20 
414.12 
509.20 


0.66 

5.19 
22.29 

77.52 

171. 21 

302 . 77 
500.63 

789.83 
1203.95 

1713.15 


120.85 

119. 34 
115.92 

108.03 

97.62 

85.66 

70.44 
51.16 
26.80 



120.85 
358.02 
579 60 
756.21 
878.58 
942 . 26 

915-72 

767.40 

455-60 




121. 51 
363.21 
601.89 

833-73 
1049 . 79 

1245-03 
1416.35 

1557-23 
1659.55 
1713.15 

Cols. (3+6) 


0.662 
2.003 
3.318 

4-597 
5788 
6.865 
7.810 
8.586 

9.150 
9.446 



2.68 



dx 



2ld 2(243.02) 



0.0005514. 



Col. 8 represents the sum of the moments for each load multiplied by the 
•corresponding value of J, divided hyJSA. By ordinary methods the determination 
-of Imx^ for one load only requires the scaling of 20 ordinates, 10 additions, and 
30 multiplications. 
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COMPUTATION OF 



\2 IxjJ 





1 


2 


3 


4 


ft 


6 


7 


8 














X— a 


*— a 




«— Jfe. 


k. 


» — n. 


s. 


(«-*)«. 


j<«-«)i. 


I J(B-n)8. 


(n-k)I Jis-n)g, 
















x — 


X — 


I 


19 


I 


-19 


I 


-19 


- ".54 


- 12.54 


- 238.26 


2 


17 


3 


-17 


3 


-SI 


- 7701 


- 89.55 


- 1522.3s 


3 


15 


5 


-15 


5 


-75 


- 256.50 


- 346.05 


- 5190.75 


4 


13 


7 


-13 


7 


-91 


- 717.99 


— 1064 . 04 


-13832.52 


5 


II 


9 


— II 


9 


-99 


-1030.59 


-2094.63 


-23040.93 


^ 


9 


II 


- 9 


II 


-99 


— 1184.04 


-3278.67 


-29508.03 


7 


7 


13 


- 7 


13 


-91 


-1385.02 


-4663.69 


-32645.83 


8 


5 


IS 


- 5 


15 


-75 


— 1446.00 


— 6109.69 


-30548.45 


9 


3 


17 


- 3 


17 


-51 


-1242.36 


-7352.05 


-22056.15 


10 


I 


19 


— I 


19 


-19 


- 509.20 


-7861.25 


- 7861.25 





9 


10 


11 


13 


13 


14 








«-//a 


%-//j 




Col. It 
Multiplied by 




-(«-n)». 


-J(B-ny». 


- IJia-n)*. 


-klJis-nyi. 


Cols. (8 + 1 a). 








«— 


* — a 




—0.0001034. 


I 


-361 


— 238.26 


— 6241.49 


— 6241.49 


- 6479-75* 


+ 0.670 


2 


-289 


- 436.39 


-5805.10 


-17415.30 


-18937.65 


+ 1.958 


3 


-225 


- 769.50 


-5035 60 


— 25178.00 


-30368.75 


+ 3-140 


4 


-169 


-1333-41 


-3702.19 


-25915.33 


-39747.85 


+4-IIO 


5 


— 121 


— 1259.61 


— 2442.58 


— 21983.22 


-45024.15 


+ 4.656 


-6 


- 81 


- 968.76 


-1473-82 


— 16212.02 


-45720.25 


+ 4-728 


7 


- 49 


- 745-78 


— 728.04 


- 9464.52 


-42110.35 


+4.354 


8 


- 25 


— 482.00 


— 246.04 


- 3690.60 


-34238.05 


+ 3-540 


9 


- 9 


— 219.24 


- 26.80 


- 455 '60 


-22511.75 


+ 2.328 


10 


— I 


- 26.80 








— 7861.25 


+0.813 



dx 



2n 






— 0.0001034. See Table III, page 93, of the second example. 



Id 



Col. 14 is the complete value of -^ ^^znr ^or each load, i to 10 



IJ 



("-so 

respectively. 

Note that cols, i, 2, 3, 4, 5, and 9 will remain the same as long as n»20 
regardless of the span. The formation of the remaining columns requires but 50 
multiplications and 30 additions. 
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FINAL VALUES OF A/, AND A/,. 





1 


3 


3 


4 


ft 


6 


7 




„lyA 

"I r^ • 


Mil 


VNla 


Ml. 






ImnA ImUHx-hD 


Afa. 




lA 


I A 

^' lA 


(»'-^^0- 










I 


+ o 


+ 0.662 


±0.670 


1.332 





-1.332 





2 


+ 0.235 


+ 2.003 


1.958 


3.961 


0.045 


-3.726 


+0.190 


3 


+ 0.860 


+ 3.318 


3.140 


6.458 


0.178 


-5.598 


+0.682 


4 


+ 3.089 


+4.597 


4. no 


8.707 


0.487 


—6.619 


+ 1.602 


5 


+ 4.200 


+5. 788 


4.656 


10.444 


1. 132 


-6.244 


+3.068 


6 


+ 6.930 


+6.865 


4.728 


"593 


2.137 


-4.663 


+4.793 


7 


+ 9.894 


+ 7.810 


4.354 


12.164 


3.456 


— 2.270 


+6.438 


8 


+ 12.749 


+8.586 


3540 


12.126 


5.046 


+0.623 


+ 7.703 


9 


+ 15065 


+9.150 


2.328 


11.478 


6.822 


+3.587 


+ 8.243 


xo 


+ 16.368 

1 


+9.446 


±0.813 


10.259 


8.633 


+ 6.109 


+ 7.735 



Combining the values foimd we obtain the values of 
Ml and M2 for each load i to 10 respectively; for loads 
i' to 10' Ml and M2 simply change places. Compare cols. 
6 and 7 with col. 26, page 95. 

The values of Fi, yi, ^2, etc., can now be found as 
in the second example. 

The above calculations require but little more time 
than some of the graphical constructions in common use 
which only give the equilibrium polygon for one set of 
loads. Here we can quickly determine the eflfect of each 
load and then use those producing maximum results 



CHAPTER IV. 

TYPICAL ARCHES. 

A PEW typical bridges will be illustrated in this chapter 
which will clearly show that, as ordinarily constructed, 
the arch ring proper is heavily reinforced either by masonry 
or concrete backing or masonry side walls. Since this 
masonry does not readily follow the arch ring if it sinks, 
the actual dead load is never more than the dead weight 
of the material above the ring; and since the passive 
resistance of this masonry against moving upward is large 
in case the arch ring has such a tendency, it is evident 
that any ring which is stable under the elastic theory must 
be stable in the structures as built. Furthermore, experi- 
ence teaches that temperature stresses may be ignored in 
stone arches well backed, as is customary. A recording 
thermometer placed in the ring of a reinforced-concrete 
bridge having earth filling indicated that the total range 
of temperature change did not exceed about 20° F. in some 
ten or twelve months. All rings without backing should be 
designed to resist a change of temperature of about ±35° P. 
In rings like that of the Luxemburg bridge full account 
of temperature must be considered, the range approaching 

that for steel. 
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89. The Rockrille Stone Areh 
Bridge. — This is typical of a large 
number of arches recently con- 
'^»+"'°structed by the Pennsylvania 
R.R. The arch ring is backed 
with Portland-cement concrete 
to such an extent that it is 
increased in thickness nearly 
three times near the spring 
-woSH^KiL line. (Eng. News, May lo, 

1900.) 
(}0. The Bellefield Stone Arch Bridge, Pittsburg, Pa.— 
In this bridge the outside spandrels are of solid masonry. 
Inside there are six longitudinal walls reinforced with 
three lateral walls. The lateral walls do not support 
any vertical load, as they stop at the springing of the 
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arches between the longitudinal walls. The arch ring 
is securely held by a backing of concrete and the spandrel 
walls. (Eng. Record, June 9, 1900.) 



BELLEFIELD BRIDOE 

91, The Luzembui^ Stone Arch Viaduct — This bridge 
IS an excellent illustration of spandrels pierced with lateral 
arched openings. The elastic theory can be applied 
with confidence in bridges of this type. {Eng. Record, 
Oct. 12, 1901.) 

92. Approaches to the Thebes Bridge. — The approaches 
are composed of eleven plain-concrete arches having ■& 
span of 65 feet, and one with a span of 100 feet. The 
proportions of the 65-foot arches are clearly shown above. 
Note that the spandrel side walls cover nearly all of the 
arch ring at the supports, and at the crown two fifths of 
the ring, practically preventing distortion under moving 
loads. (R. R. Gazette, Jan. 9, 1903.) 
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SECTION THROUOK CROWN. 

LUXEMSURQ BRUME 



DETAIL* OF ARCHE* IN APPROACHES: THEBEt BRIDOE 
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93. V«miillion River Plain-concrete Arch Bridge. — This 
bridge is composed of three spans. The entire loading 
above the ring is supported by lateral walls which makes 
the application of the elastic theory quite rational. 




CONCRETE ARCH BRIDGE OVER MLT FORK OF THE VERMILLION RIVER 

The ring was designed without reinforcement, but when 
built the entire concrete work was reinforced with steel 
bars. This reinforcement is shown in the Railroad CJazette, 
Oct. 27, 1905. 

94. Steel Reinforcement in the Form of Ribs. — Where 
the steel reinforcement has been concentrated in concrete 
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rings the three types shown below have been success- 
fully used. The steel is usually assumed to take the 
entire bending moment. The two upper types were used 



% 


r 


STEO. RfB, TWO-BABB-COMKECTED TTP6 




^ 


li-l 


i 


B^, 


' ' BTEEL RIB, FOUB-AIIOLE»-tATTICeD TVP£ 




^ 


(r 


iS.=J 




ij 1 



STEEL RIB, ROLLED 1 BEAM TYPE 
TYPE* OF ITEEL RIU 

in a viaduct at Jacksonville, Fla., and the third type in 
St, Louis, Mo, 

95. Steel Reinforcement other than in the Fonn of Ribs. — 
The present method of reinforcement appears to follow 
the idea of thoroughly distributing the steel in layers a 
few inches from the upper and lower surfaces of the arch 
ring. This is accomplished by the use of small rods, 
wire netting, expanded metal, etc. The majority of rein- 
forced concrete bridges in the United States are reinforced 
with rolled rods, some plain and some "deformed." 

96. Area of Steel Reinforcement. — The amount of 
steel is seldom less than 0.6% or greater than 1% of the 
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area of the ring at the crown, regardless of the type of 
reinforcement employed. 

97. Abstracts from Specifications. — The following ab- 
stracts from specifications will indicate some of the methods 
employed and assumptions made in the construction of 
reinforced-concrete bridges. 

Conditions of Calculation. — Modulus of elasticity of 
concrete, 1,400,000 lbs.; modulus of elasticity of steel, 
28,000,000 lbs.; maximum stress per square inch on 
steel, 10,000 lbs.; maximum compression per square inch 
on concrete, 500 lbs.; maximum shear per square inch 
on concrete, 100 lbs.; maximum tension per square inch 
on concrete, 50 lbs. The above to be exclusive of tem- 
perature stresses. The steel ribs, under a stress not exceed- 
ing their elastic Umit, must be capable of taking the entire 
bending moment of the arch without aid from the con- 
crete, and have a flange area of not less than one one- 
himdred-and-fiftieth part of the total area of the arch 
at crown. 

Portland-cement Concrete. — The concrete shall be com- 
posed of clean hard broken stone, or gravel with irreg- 
ular surface, clean sharp sand, and cement, mixed in the 
proportions hereafter specified. Whenever the amount 
of work to be done is sufficient to justify it, approved 
mixing-machines shall be used. The ingredients shall 
be placed in the machine in a dry state, and in the volumes 
specified, and be thoroughly mixed, after which clean 
water shall be added and the mixing continued until the 
wet mixture is thorough and the mass uniform. No more 
water shall be xised than the concrete will bear without 
quaking in ramming. The mixing must be made as 
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rapidly as possible, and the batch deposited in the work 
without delay. If the mixing is done by hand, the cement 
and sand shall first be thoroughly mixed dry in the pro- 
portions specified. The stone, previously drenched with 
water, shall then be deposited on this mixture. Clean 
water shall be added and the mass be thoroughly mixed 
and turned over until each stone is covered with mortar, 
and the batch shall be deposited without delay, and be 
thoroughly rammed until all voids are filled. The grades 
of concrete to be used are as follows: For the arches 
between skewbacks, one part Portland cement, two parts 
sand, and four parts broken stone or gravel that will 
pass through a one-and-one-quarter-inch ring. For the 
piers, one part Portland cement, three parts sand, and 
six parts broken stone that will pass through a two-inch 
ring. For the foundations, abutments, and spandrels, 
one part Portland cement, four parts sand, and eight 
parts broken stone or gravel that will pass through a 
two-inch ring. 

Concrete Facing, — Concrete facing will be used and 
shall be composed of one part Portland cement and 
two and one-half parts sand, and shall have a thickness 
of at least one inch on all arch soffits, arch faces, abut- 
ments, piers, spandrels, or other exposed surfaces. There 
must be no definite plane or surface of demarkation between 
the facing and the concrete backing. The facing and 
backing must be deposited in the same layer, and be well 
rammed in place at the same time. If the arch faces, 
quoins, or other exposed surfaces are marked to represent 
masonry, such division-marks shall be made by triangular 
strips two inches wide and one inch deep fastened to the 
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casing in perfectly straight and parallel lines, and all 
projecting comers will be beveled to correspond. 

Connections, — In connecting concrete already set with 
new concrete the surface shall be cleaned and roughened, 
and mopped with a mortar composed of one part Port- 
land cement and one part sand, to cement the parts 
together. 

Arches, "^ — ^The concrete for the arches shall be started 
simultaneously from both ends of the arch, and be built 
in longitudinal sections wide enough to inclose at least 
two steel ribs, and of sufficient width to constitute a 
day's work. The concrete shall be deposited in layers, 
each layer being well rammed in place before the pre- 
viously deposited layer has had time to partially set. The 
work shall proceed continuously day and night if necessary 
to complete each longitudinal section. These sections 
while being built shall be held in place by substantial 
timber forms, normal to the centering and parallel to 
each other, and these forms shall be removed when the 
section has set sufficiently to admit of it. The sections 
shall be connected as specified above, and also by steel 
clamps or rib connections built into the concrete. 

Steel Ribs, — Steel ribs shall be imbedded in the con- 
crete of the arch. They shall be spaced at eqtial dis- 
tances apart, and be of the number shown on plans. Each 
rib shall consist of two flat bars of the sizes marked on 
plans. The bars shall be in lengths of about 30 ft., thor- 
oughly spliced together, and extending into the abutments 



* The arch rings are also made in the form of voussoirs so as to symmetrically 
and uniformly load the falsework to prevent its unsymmetrical or excessive dis- 
tortion. 
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as shown. Through the center of each bar shall be driven 
a line of rivets spaced 8 inches c. to c. with heads pro- 
jecting about J inch from each face of bar, except through 
§plice-plates, where ordinary heads will be used. The 
bars shall be in pairs with their centers placed two inches 
within the inner and outer lines of the arch respectively 
as shown. All steel must be free from paint and oil, 
and all scale and rust must be removed before imbedding 
in the concrete. The tensile strength, limit of elasticity, 
and ductility shaU be determined from a standard test- 
piece cut from the finished material and turned or planed 
parallel. The area of cross-section shall not be less than 
\ square inch. The elongation shall be measured after 
breaking on an original length of 8 inches. Each melt 
shall be tested for tension and bending. Test-pieces 
from finished material prepared as above described shall 
have an ultimate strength of from 6o,ooo to 68,ooo lbs. 
per square inch, an elastic limit of not less than one-half 
of the ultimate, shall elongate not less than 20% in 8 
inches, and show a reduction of area at point of fracture 
of not less than 40%. It must bend cold 180 degrees 
arotmd a curve whose diameter is equal to the thickness 
of piece tested without crack or flaw on convex side of 
bend. In tension tests the fracture must be entirely 
silky. (Engineering Record, Aug. 3, 1901.) 
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Table I. 

PHYSICAL PROPERTIES OF STONE AND CONCRETE. 

BUILDING STONES. 

C-* Ultimate craahing strength in pounds per square inch. Test Specimens* Cubes, 
i?-* Cross-bending fiber stress in pounds i>er square inch. 
5 •"Ultimate shearing strength in pounds per square inch. 

«•-■ Expansion per degree P. Determined Wet. 
£» Young's modulus in poimds i>er square inch. Compression. 

r-* Limits between which E was determined. 
IT -■Weight in pounds per cubic foot. 
Compiled from Tests of Metals and Other Bfaterials, etc. made at Watertown Arsenal, ICass. 

GRANITE. 



Dark. 

Light. 

Red. 



Black. 
Light. 



Pink. 



Pink. 

Mottled. 

Red. 

Li^ht. 



Color, Name, Source, etc. 



Braddock, near Little Rock, Ark. 



Ejceter, Tulaxe Co., Cal. 
Platte Cafion, Colorado. 
Branford, Conn 



Pine Mt., Quarry, Lithonia, Ga. 

Stone" 

Troy. N. H 



Maine 

Mt. Waldo Quarry, Frankfort, Me 
White Rock Mt.. Millbridge. Me . . 
Cape Ann, Rockport. Mass 



Pigeon Hill, Rockport. Mass. 



Quincy, Mass 
Milford. ■" 



Mass. 

< < 



li 



Ortonville, Minn 

Rockville, Steams Co. Minn 

Sioux Palls, Minn 

Korah Station. Va 

Broad Rock Quarry, Chesterfield Co., Va. 
Snoqualmie District, Wash , 



io> 



242 
196 

aa6 
146 



157 
277 
309 



a62 
azo 
322 
199 
a4a 
203 

173 
197 

130 
238 
190 



90 
252 

204 
181 
i8a 
234 
154 
198 



io«. 



za 

z6 
19 



za 



26 
a2 



ao 

24 



24 

ao 



17 
IS 
ai 



13 
za 
z6 
17 



zo> 



24 

az 
24 



18 



aa 

a8 
25 

15 



26 
z8 

24 



19 
az 

27 
az 



zo 



—8 



324 
341 
461 



398 
398 

375 
337 
337 



400 



3^1 
418 



417 
408 



397 
389 
431 
40 a 



E 
zo». 



71 
71 



57 
83 



48 
45 



98 
6$ 



67 
68 

77 
51 
53 
76 



94 
60 



r 
zo*. 



z-so 



z-so 
zo-30 



z-so 
zo-30 



1-50 
10-30 



zo-ao 
zo-30 
10-30 
zo-ao 
z-so 
10-30 



1-50 
z-so 



W 



IS6 

164 
z6i 
z6a 



16$ 



z6a 

163 
z6a 
163 



129 
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TABLE I.— PHYSICAL PROPERTIES OF STONE AND COSCKE.TE— {Continued). 

SANDSTONE. 



Color, Name. Source, etc. 



Blue. 
«< 

Light Red. 
Red. 

Gray. 

«« 

Brown. 



Brown. 



« I 

Red. 

■ I 



Near Ft. Smith. Sebastian Co., Ark, 
Cabin Cteek, Johnson Co., Ark 



Jasper, Ala. 
Pieomof 



>nt Quarry, near Oakland. Cal 
St. Vrain CaAon. Col., laminated. . . . 

Manitou. Ool 

Ft. Collins. Col., laminated 

Trinidad. Col 

Portland (liiddlesex Quarry), Onm. . 



«i 



Portland, Conn., ist quality. 

" ad •• . . 

•* id " . 
Bridge stone. 

Cromwell, Conn 

Brainard Quarry Co.. Conn. . . 



Red. 



Near RedfielxL Bourbon Co.. Kan 

Carreyvllle. Ky. 

Potomac Red Sandstone Co., Maryland.. . . 
ti It «« «• i« 

Kibbe, Bast Longmeadow, Mass 



(( 



1 • 



■ I 



• « 
• » 



t ■ 
« « 



Soft Saulsbury 
Haiti *• 
Red Brown. 

Maynard, East Longmeadow. Bdass. 

4« «« •• •< 

Wofcester *' " *' '. 
Brown. '* " " " . 
Ljght Drab. Frontinac, Minn 

Blautorville . Minn 

" Yellow Mankato, Minn 

Salmon. Kettle River, Pine Co., Minn 

Ohio 



Blue.^ 



Chitwood, Oregon 

Cooper Quarry, Douglae Co., Oregon . 
Coquille River, Coos Co., Oregon. . . . 
Cooper Quarry, Douglas Co., Oregon . 



C 
io« 



138 

«85 
159 
no 

"5 
no 

117 

lOO 

109 

103 

83 

43 

136 

139 
ISO 

96 
169 

63 
107 
^80 
106 
130 
190 



127 
104 

85 
140 
"4 

94 



98 

xoi 

88 

96 

las 

58 
87 
63 



75 
X5a 



R 

IO«. 


S 
zo«. 


9 
zo-«. 


B 
zo». 


r 
zo«. 


15 
17 
19 
xz 

• ■ • « 

• • • • 


z8 

a5 
aa 
z6 


6ao 
6z3 

436 


35 
39 


1-40 
z-So 


■ « • • 

■ • • » 










19 


X5 


S49 
536 

516 


77 


1-50 


• • • • 

31 


14 
19 


a3 


«3 


50 z 


39 


lO-SO 


10 




577 


zz 

aa 


i-ao 
z-as 

zo~ao 


• • • • 


za 


577 


z8 


■ • ■ • 

8 

ZI 

• • • • 


13 

za 


561 
517 
5x7 


19 
X3 
X9 
a4 


zo-ao 
z-ao 
z-ao 

zo-ao 


9 


z6 


686 
6aa 






■ > • • 


9 


7 

* • • ■ 

• • ■ • 


13 
z8 


177 
177 


22 
38 


z-30 
zo-ao 



w 



150 
Z40 
Z40 

Z45 



134 



Z33 



134 
133 
135 
137 



z6o 



LIMESTONE. 



Blue. 
Buff. 

Buff. 



Drab. 

Blue. 

Mottled. 

Cream. 



Beaver, Carrol Co., Ark. 

Batesville, Ark 

Rockwood, Ala 

Bedford, Ind 



Indiana 

Oolitic, Bedford, Ind. 



Johnson, Co. Iowa. 
Iowa State Qtiarry. 



Hutchinson, Iowa. 
Crowley's, Iowa. . . 
Cedar Valley. Iowa. 



(1843). 



ao6 

95 
60 

zo8 
90 
60 
41 
71 
47 
7a 

36 

34 z 

78 
SO 



27 

7 
14 
ai 



ao 

zo 
10 
za 
zz 



iz 



471 
389 



407 
375 



67 



73 
72 
Sa 

36 



z-so 



z-30 
X-30 
a-30 
a-io 
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TABLE I.— PHYSICAL PROPERTIES OF STONE AND CONCRETE— <CofKwii«0. 

LIMESTONE. 



Color, Name, Source, etc. 



lisht Biafl. 



Pink. 
Gray. 
Buff. 



Ft. Riley. Kansas 

{unction City. Kansas 
It. Vemon. Ky 

Bowling Green, Ky 

Oolitic... 

HopkinsviUe, Ky., Oolitic. . . . 
Bowlinff Green. Xy. . Oolitic. . . 
Spring Ledge, Mt. Vemon, Ky. 
KeUy Island. Lake Erie 



• ■••■••■ 



Kasota, Minn. 

Wasioja, Dodge Co., Minn 

<t «i ft •* 

Carthage, Mo., Quality No. i 

Yammerthal Flint. Buffalo. N. Y. 
Isle La Motte. Vt 



xo". 



3» 



60 
6a 

78 
ISO 

76 
zaa 

108 
so 
40 

X37 
i6a 
237 
146 



R 
xo«. 



X3 

XX 



«7 
x6 



S 
xo«. 



xo 



za 



17 



xa 

XX 



ax 
aa 



10 



—8 



300 

464 
89 



464 



ai7 



ax9 



io». 



40 
03 



i^ 



147 



r 
io«. 



x-ao 
I— ao 



lo-ao 



1-40 



W 



X3» 



MARBLE. 



Possiliferous. St. Joe, Searcy Co. Ark 

Chocolate. 

Marble HUl. Ga 



Tate, Ga., Creole Quarry — 

-- •■ .4 

Cherokee Quarry. 
Etowah Qtfarry. . 



4 « 
4 1 
4 4 
I* 

4« 
4 4 



44 
4 I 
4 f 
4 « 
44 
4 « 



Kennesaw Quarry. 
Lee Co., Mass 



Drab. 

White. 



White. 
Blue. 



Mt. Dark. 



Faribault, Minn 

Tuckahoe, N. Y 

Richville, Dekalb, St. L. Co., N. Y 

Vermont 



Rutland. Vt. 



4 4 

44 
4 4 
• 4 



4 4 
4 4 
4 4 
4 4 



Sutherland Falls, Vt. 



4 • 
4 4 



4 4 
4 • 



4 4 
4 1 



Roche Harbor, San Juan Co., Wash. 
Snoqualmie District Wash 



X03 

123 

IIS 



135 
X26 



141 
96 
z6o 
x8z 
178 
i6a 

"5 
90 
lao 
119 
139 



ia8 
i6a 

113 

zoa 

90 

47 



IX 

x6 



xo 
8 



4 
"xS 



13 
z6 



8 
xo 



7 
ax 



z8 

23 



13 



U 

xa 

14 
xa 



ax 
XS 



19 
xo 
xa 



15 
16 



ax9 



aoa 
193 



44X 
441 



56a 
454 

441 
634 
361 

31a 



433 
550 



8a 

X07 

91 

55 

V> 

40 
91 

78 
76 
67 



136 

xao 

66 

45. 



93 
xa6 



1-40 

X-30 

10-30 

1-40 

x-40 
10-30 

x-40 
XO-30 

10-30 
10-30 
lo-ao 



10-30 

1-40 

10-30 

x-40 

x-40 

x-40 
1-40 



4^ 
x68 
169 
170 

x6a 

x6& 

170 
16& 



178 



x6& 



CONCRETE. 

The physical properties of concrete depend upon so many 
variable factors that it is useless to attempt to give more than 
approximate values. 

Mr. Edwin Thacher, C.E., has deduced formulas, based upon 
a large number of experiments made at the Watertown Arsenal, 
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showing the effect of age and composition upon the ultimate 
strength. Values according to these formulas are given below. 
For tests of concrete of all kinds reference is made to Tests 
oj Metals and other Materials, etc, made at the Watertown Arsenal, 
Mass. 

Ultiicate Stre3«gth in Pounds per Square Inch. 







Age. 






Mixture. 










Remaria. 












7 Days. 


I Month. 


3 Months. 


6 Mcmths. 




1-1-3 


1600 


2750 


3360 


4300 




1-2-4 


1400 


2400 


2900 


3700 


S— 1800 — 2oojf; 7 days 


i-»i-s 


1300 


2225 


2670 


3400 


S— 3100 — 35o»; I month 


1-3-6 


1200 


2050 


2440 


3100 


S — 3820 — 4602;; 3 months 


i-3i-7 


1 100 


187s 


2210 


2800 


5 — 4900 — 6oo«; 6 months 


1-4-8 


1000 


1700 


1980 


2500 




1-5-10 


800 


1350 


1520 


1900 


X -parts of sand to one paft 


I-<^12 


600 


1000 


1060 


1300 


cement. 
5— ultimate strength for !•• 












inch cubes. 



£-MoDxrLus OF Elasticity in Thousands or Pounds per Square Inch. 

(Compiled by B. Thacher.) 





Age 7 Days. 


Age I Month. 


Age 3 Months. 


Age 6 Months. 


Mixture. 


100 

to 

600. 


100 

to 

tooo. 


1000 

to 
aooo. 


100 

to 

600. 


xoo 

to 

xooo. 


1000 

to 

2000. 


100 

to 

600. 


100 

to 

1000. 


1000 

to 
2000. 


100 

to 

600. 


100 

to 

1000. 


1000 

to 
2000. 


1-1-3 

1-2-4 
i-ai-S 

1-3-6 
1-4-8 
1-5-10 
1—6—12 


2450 
2580 
2220 
i860 


aoso 
2050 
1800 
XS40 


1380 
13S0 


2830 
2660 
2550 
2440 
2100 
1740 
1380 


2580 
2450 

2300 
2130 
1800 
1460 
1 140 


X9I0 
1460 

1350 

1220 


3SOO 
3670 
33ao 
2970 
2530 
2100 
1640 


3140 
3z6o 
2900 
2650 
2220 
1780 
1360 


2120 

2z6o 
1980 
1800 


3850 
3670 
3630 
3600 
3020 
2420 
1820 


3580 
3S70 
3S40 
3SOO 
2840 
2200 
1520 


2700 
2580 
2220 
i860 





























These values are means of tests made upon 12 -inch cubes made 
with four brands of cement respectively. A statement of the data 
upon which the above tables are based is given in an article by 
Mr. E. Thacher, entitled Effect of Age and Composition on the 
Strength and Modulus of Elasticity of Concrete, Cement, May 1902. 
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EXPANSION OF CONCRETE. 

Prof. Pence gives 0.0000055 ^s the coefficient of expansion for 
one degree F. for 1-2-4 concrete composed of Lehigh Portland 
cement and limestone. With the limestone replaced with gravel 
the coefficient becomes 0.0000054. This makes the coefficient of 
expansion of concrete and steel essentially the same. 

WEIGHT OP CONCRETE. 

The weight of concrete will vary somewhat according to the 
materials used and the methods of mixing. In ** Tests of Metals, 
etc./' for 1898, the weights of a large number of 12-inch cubes 
are given, the proportions varying from i-i to 1-4, with 33 and 
40 per cent of the stone used as mortar. The mortar was made 
**dry," "plastic," and **wet.*' The weights per cubic foot ranged 
from 138.9 to 143.7 poimds. For all ordinary purposes 140 
poimds per cubic foot may be used. Some specifications state 
that concrete shall be taken at 150 poimds per cubic foot. 

WEIGHT OP FILLING MATERIAL. 

This will vary according to the kind of material and the 
method of depositing it. For average conditions, when the span- 
drels are filled with sand or gravel, 100 pounds per cubic foot may 
be assumed. For gravel deposited in thin layers and rolled, some 
specifications state that the fill shall be taken as weighing 120 
pounds per cubic foot. 
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Table 
data for about 500 arch bridges 

MASONRY 



i 
i 

2: 


Name. 


Place. 


■ 
Over. 


Date. 


Engineer. 


c 

* 




X 


Taff Valo Viad. 


Near 

Quaker's Yard. S. Wales 
NearOueretaro, Mexico 
Near Rouen, France 
Elisabeth, N. J., U. S. A. 
Pexin., U. S. A. 


Taff R. 


• 


Brunei 


6 


a 


ptieretaro 
Malaunay 


VaUey 


17*6-35 


Antonio Avana 


74 


3 


Malaunay Val. 


1840-44 


Locke 


& 


4 
5 


Magnolia St. 
L. Juniata No. 8 


Magnolia St. 
L. Jtmiata R. 


1894 


Brown 
Brown 


X 

3 


6 




Morpeth, England 
Wadiington7l>. C, U. S. A 


Wansbeck R. 


X83X 


Telford 


3 


7 


Mass. Ave. 


Rock Crk. 


X900-X 


Douglas 


I 


8 






Crce R. 




Rennie 


t 
a 


9 


Chateau Thiexry 


France 


Mame. 


X786 


Perronet 


a 

X 


xo 


Charles 


NurembuTK. Bavaria 




X728 




? 


XX 


StaxTucca Viad 


Nr. Lanesboro', Pa..U.S.A. 


Starrucca Crk. 


X847 


Adams 


17 


X2 


Pont Neuf 


Paris, France 


Seine R. 


1578-1604 


Cerceau and 
Marchand 


12 


X3 


Ens 


Wildbad, Germany 


EnzR. 


x886 


Leibbrand 


X 


14 


Pont au Change 


Paris, France 


Seine R. 


X 639-47 




7 


U 


Court St. 


Rochester, N. Y.. U.S.A. 


Genesee R. 


1893 


McQintock 


& 


17 




Rochester. N. Y..U. S.A. 








7 


18 




Bet. Norwood-Broxnley, 
England 


Lon. Croydon 
Doubs R. 




Gibbs 


I 


19 




Ddle, France 


X 760-64 ? 


Gueret 


7? 


ao 




England 


Mouse R. 


x8aa 


Telford 


3 


at 




Gien, France 


Loixe. R. Val. 


X 888-9 


Uthier 


XS 

7» 


aa 


Dinan Viad. 


Dinan, France 


Ranee R. 


X 845-50 


Fessard 


10 


aj 


Gu6tin 


Bet. Digoin and Mains- 
bray, France 
N. of Turin, Italy 


Valley 


X 890-98 


1 


x& 


24 


Stura 


Stura R. 




Bella 


5 


95 




Montalierie, Italy 


PoR. 


X849 


Barbavara 


7 


a6 


Digoin 


Digoin, France 


Valley 


Changed 
1890-98 




XX 


27 


Roquefavour 


Vic. of Marseilles, France 


Arc R. and Val. 


X 841-47 


de Montricher 


IS 

13 


a8 


Strasbourgh Sta. 


Paris, France 


Station Platform 






$1 


29 


Croydon 


Near Croydon, England 


Lon. & C. Ry. 




Gibbs 


t 


30 


Abattoir St. 


Paris, France 










31 




Nemours, France 


Loing R. 


X805 


Perronet 


3 


33 




Stirling. Scotland 
Moret, Prance 


Forth R. 


X4oot 






33 




Loing R. 


1771 


Perronet 


S 


34 




Moulins, France 


AllierR. 


1758-60 


Regemortes 


XS 


35 


Park St. 


Hartford, Conn., U.S.A. 




1898 


Graves 


r 


36 


Pathhead 


Pathhead, Scotland.U.S.A. 


Tyne R 


1830 


Telfoid 


S 


37 


Mill Cxeek 


W. of Bird-in-Hand, Pa., 


Mill Cx«ek 


X 889-90 


Brown 


4 


38 


L. Jtiniata No. 13 


I mi. W. of Tyrone, Pa., 
U.S.A. 


L. Jtmiata R. 


1892-93 


Brown 


3 



* Maximum. 

Remarks. — x. Piers X4' octagon. On curve. Skew 40". 1320' Radius. a. Max. H. — 95' 
Av. — 75'-8o'. 3. Found, upon piles. 4. 4 tracks. Intrados to base of rail, 5'.6. «. Middle 
Div. Penn. Ry. 7. Skew x7*. Cost $132,000. xi. 2 tracks. Max. H. — no'. N. Y., L. E.. 
& W. 12. Repaired 1886. x3. Middle 3d joints at crown and springing filled with lead. 
x8. Ribbed skew. ao. H. •-■X34.5'. Piers hollow. ax. Approaches to metal spans. a a. Max. 
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II. 



ARRANGED ACCORDING TO SPAN. 



ARCHES. 







•s|| 










sts 


» 












Span. 


Rifle. 




1 

"1 


• 

i 


idius at 
Crown. 


to 
R 


idth, Fa 
to Face 
Crown. 


lickness 
Piers at 
Springin 


Material. 


Class of 
Bridge. 




Reference. 


1 




P ■ 


^ 


5 
c 


(2 




^ 


e 










7 
S5 


50.0 


35.0 






35.0 


14.0 




Blue Grit 


Ry. 


A. 


March, 1850 


z 


50.0 
50.0 


35.0 


3.1 


3.1 


c 


35.0 


.124 


37.7 


8.8 




Aqued't 


B. 
C. 


June 3, 1888 
1851-3 


2 


50.0 


7.4 3.8 1 


3.8 


c 


3«.S 


.073 


50.0 






gy- 


D. 




4- 


50.0 


13.5 


















Ry. 


E. 




5 


•50.0 


15.0 






E 


48.0 




31. 5 


8.0 






F. 


X853, p. 390 


6 


50.0 


35.0 


3.0 


7.0 


C2 


35.0 


.150 


aoo. 




Brick 


H.W. 


B. 


Dec. 35, 190a 


7 


50.0 


6.6 


t.3 




C 














S. 




& 


46.0 


5-9 


to 












8.0 & 












39.0 


4-9 1.0 












7.6 












51.0 


17.0 


40 




E 














Woodbury, 1858 


9 


51 . 1 


16.0 


4-3 




E 


37.3 


.115 


19.3 


13.8 




H.W. 


F. 


1853, p. 378 


10 


51. 


t30.0 


3.5 


2.5 


C 


36.3 


.095 


34.8 


7.0 


Sandstone 


H.^. 


B. 


Sept. 1, 1888 


IX 


•51.1 


31.9 


3.3 


3.6 


C 


35.8 


.089 


73.5 






G. 


i89i,p. 887 


12 


SI. a 


10.7 


1.6 


3.9 


C? 


35.9 


.045 








H.W. 


G. 


1891, p. 918 


13 


51. a to 


25.6; 5.3 




C 


35.6 


.307 




16.0 




H.W. 


F. 


1853, p. 376 


14 


ZS-^ 


17.6 
























15 


•52.0 


30.5 






C 


36.7 




?64.o 


6.0 




H.W. 


B. 


Feb. 3, 1893 


16 


*S2.o 


10. 


3.5 




C 


38.8 


.064 






Limestone 


Aqued't 
H.W. 


H. 




IT 


53.0 


tl3.0 


3.3 


3.3 


C 


34.3 


,067 


t30.o 




Brick 


C. 


1855-6 


iS 


Sa.o 


X7.5 


3.8 




E 














I. 




^9 


5a. 


36.0 






C3 








8.5 




H.W. 


F. 


1853. p. 197 


ao 


5a. 5 


36.3 


3 


3.3 


Ca 


36.3 


.114 


17.7 


3.3 




Ry. 


G. 


VI. 1893 


2Z 


53.5 to 


17.5 


























43.6 


14.3 


























•sa.5 


36.3 






Ca 


36.3 




33.1 


ti3.i 




H.W. 


G. 


1888, p. 363 


ax 


53.5 


33. o| 3.6 


3.6 


3C 


30.7 


.117 


3«-9 


lO.O 




Canal 


G. 


1899 


23 


Sa.5 


5» 


30 




E 


103.7 


.043 


35. 1 


9.8 


Brick( ?) 


H.W. 


F. 


185a, p. 396 


a* 


53.5 


13.6 


30 




C 


33.1 


.093 


39. 5 


7-5 


Brick 


i^y- 


F. 


185a. p. 396 


ay 


53.5 


33.0 


30 


3.9 


3C 


30.7 


.137 


31.8 


9.8 




Canal 


F. 


185a. p. 386 


36- 


53.5 


36.3 






C2 


36.3 










Canal 


A. 


185s. p. 65 


37 


49.3 


34.6 


3.3 






34.6 


.134 
















16.4 


8.3 


3-4 






8.3 


















♦53.7 


5.0 


3.0 




E 


71.6 


.041 


43.6 


8.3 


Mill'e Grit 


H.W. 


F. 


1853. p. 396 


aS. 


S3-0 


13. 


3.0 


3.0 


E 






?ao.o 




Brick 


H.W. 


C. 


1855-6 


ap. 


53.0 


5.1 


3.0 




C 


71.3 


.043 








H.^.l 


I. 




30 


530 


3.3 


3.3 




C 


99.1 


.03a 




6.4 


Freestone 


F. 


1853, p. 386 


31 


53.0 


10.3 


3.8 




C 


39.3 


.071 










I. 




32- 


53.3 


6.1 


4.3 




C 


61 .3 


.07a 






Freestone 


H.W. ? 


k 




33 


53.9 


31.3 


3-3 




E 






34.0 


13.8 




H.W. 


1853, p. 376 


34 


54 


7.3 


3.3 


4-3 








70.0 




Brick 


H.W. 


B. 


Jan. 13, 1899 


35 


54. o& 


8.0 












34.0 


8.0& 




H.W. 


F. 


1853, p. 195 


36 


50.0 


35.0 














4.0 












54.0 


13. 5 


3.7 


3.7 


C 


33.7 


.081 


33.0 






Sy- 


E. 




37 


54.0 


13. S 


3-2 


3.2 


C 


33.7 


.095 49-4 






Ry. 


E. 




38 



t About. 

H. — i3o'.5. Nat. Route No. 176. 23, Max. H. — 39'.4. 34. Route Turin-Milan. 35. Turin" 
Genoa. 37. 3 tiers of arches. Max. H. '"a7i'.o. 29. Ribbed skew. 35. Stone facing. 

36. Max. H. — 7j'.o. The 54'.o spans are under roadway. 37. Three tracks — i® curve* 

38. 4 tracks. Mid. Div. Penn. Ry. ribbed skew. 
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TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 

MASONRY 



i 

i 


Name. 


Place. 


Over. 


Date. 


j 
Engineer. 


No. of Spans. 


30 


Kennet 


Near Caversham, England 
Monocacy. Penn., U.S.A. 


Kennet R. 






3 


40 


Monocacy Viad. 






Fisk 




41 


Naahawtuc 


Concord, Mass., U.S.A. 


Sudbury R. 


1883 


Wheeler 


t 


4' 


Ouctoine 




Rieneros R. 


1770-90 


Garipuy 


3 


43 


Bis Conestoga 


E. of Lancaster, Pa. .U.S.A. 






Brown ; 


5 


44 


Peas 


Bet. Berwick and Edin- 
burgh, Scotland 


Deep Dingle 




Henderson 


4 


45 


Oder 


Kunnersdorf, Saxony 


Oder R. 




■ 


7 


46 


Bachthal 


Dermitz, Saxony 


Bach R. 


1844-5 


i 


II 


47 


Dauphin 




Romanche R. 


1842-4 


Potie 


X 


48 


Cannes 


France 


Beauvoir RaxHne 


1843-47 


Cunit 


3 


40 




Ldbau. Saxony 


Spree R. ? 


1845-46 


1 


7 


50 




Konigstein, Saxony 








a 
9 % 


51 


Spreethal 


Saxonv 
Neuneck, Germany 


Spree R. 


1845-46 




3« 
15 


52 


• 


Glatt R. 


x886 


Leibbrand 


I 


53 


No. a8 


a6.s m. Pittsburg, Pa.. 
U.S.A. 


Raccoon Crk. 


1887-88 




t 


54 


Washington 


New York. N. Y., U.S.A. 


Harlem R. 


1886-89 


Hutton 


I 


55 


Ndtre Dame 


Paris, Prance 


Seine R. 


1507 


Jaconde 


6 


56 




Chateau Thierry, France 


Mame R. 


1765 


P^rronet 


I 


57 




Pontlieu. France 


Huisine R. ? 


1773 


Voglie 


a 
3 


58 


Gravant 


France 


Yonne R. 


1760 


Adwine 


3 


59 


Zempoala Aq. 


7 m. south of Huauchin- 


Valley 


1553-70 


Tembleque 


68 


4>o 


Monford 


amro, Mexico 
England 


Severn R. 


1790-93 


Telford 


X 


.61 


Johnstown 


Johnstown, Penn., U.S.A. 


Conemaugh R. 


1888 


Brown 


a 
6 


6a 




Llanrwst, Wales 


Conway R. 


1634-36 


Inigo Jones 


I 
3 


63 


Carrolton Viad. 


Nr. Baltimore, Md.. U.S.A. 


Patapsco R. 


1833-35 


Latrobe 


8 


64 


Jamaica St. 


Glasgow, Scotland 


Clyde R. 


1833-36 


Telford 


X 


«5 


Drives 


France 


Loire R. 


177a 


Grangent 


a 
a 
5 


«6 


Tournelle 


Paris, Prance 


Seine R. 


1630-56 


Marie 


6 


•67 


Marie 


Paris, Prance 


Seine R. 


1635-58 


Marie 


5 


«8 


Aelius 


Rome, Italy 
Near Paris, Prance 


Tiber R. 


136 


Hadrian 


3 


69 


Sevres 


Seine R. 


i8ao 


Beaupre 


9 


70 


Rahway Ave. 


Elizabeth. N. J.. U.S.A. 


Rahway Ave. 




Brown 


a 

X 


71 


Washington 


New York. N. Y.. U.S.A. 


Harlem R. 


1886-89 


Hutton 


6 


7a 


Ingersheim 


France 


Tech R. 


1773 


Clinchamp 


7 


73 


Trenton 


Near Trenton, N. T., U.S.A. 
Elyria, Ohio. U.S.A. 


Delaware R. 


1902 


Brown 


18 


74 


L. S. & M. S. Ry. 


W. Br. Black R. 






3 



46. 



* Maximum. 

Rbmarks. — 39. Skew. S. E. Ry. Co. 40. Chesapeake & Ohio Canal. 41* 

Fitchburt?. Mass. 43. Penn. Ry. 44. Max. H. « 1 24^.0. 45. Lobau-Zitlau, H. 
Pile ff>und. H. — 59, L. — 725. 49. Saxony-Silesia. H. — 95'.o. so. _ 

^i. S'X'^ny-Silesia, H. "-66.9. 52. Sheet-lead ** Hinges/* 3. 53. a tracks. Rail 27^.5 above Ice y. 
K^. ApTjroach to metal spans. 56. See No. 9. 59. Waterway 8i"Xia". H. ■-ia4'.o. On two 

taiKTcnts. Max. span is highest. 61. Skew — 5 5^. Ribbed. Stood through Johnstown Flood. 



Granite from 
— 6a.3. 
Prague^Dresden. H. — 33.6. 
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ARRANGED ACCORDING TO SPAN— (C<wK»fitt«(0. 
ARCHES. 



Span. 



Rise. 



♦S4 

S40 

54. o 

54.5 

•S4.S 

•s5.o 

•SS.8 
55.8 
55.8 
55.8 
55.8 

37. Q 
•S5.8 
•55.8 
C-C55.8 

56.0 

56.0 
56.7 

t031.9 
57.5 

51. X 

57.5 

57. 5 to 

^53-0 

•58.0 

58.0 
50.0 
58.0 
40.0 
♦58.0 



3 

:l 

5 

,0 
,6 



58 
58 
57 
55 

•58 
58.7 to 
44.8 
58.7 to 

44.8 

59.0 
50.0 
16.4 

59.2 

59. 7 
59.7 to 
50.1 
60.0 
60.0 



XX. o 

9.0 
6.0 

17. X 
27. 3 



97.9 
27.9 
97.9 

97.9 
18.9 

97.9 

C-C9.8 

28.0 

14.0 

98.4 
15.6 
19.2 
X7.1 

9X.3 

91.3 
29.0 

22.5 

20.0 

14-5 
14.5 
X7.0 
29.2 
10.8 
X0.5 
07 

8.3 
26.6 

29.8 
22.4 
29.8 

22.4 

29.5 

29.5 

8.2 

9-5 
29.8 

IX. 7 

12.0 
30.0 









2.6 
2.5 

It2 
2.X 



,0 
X 



tx.o 

3.0 
2.0 

5.3 

4.0 

3.7 
3.8 

43 



3.0 



7 
7 
5 
5 

5 



3.2 
5.4 

4-3 



3.3 

3.2 
2.0 
3.2 

3.3 
2 .0 



At Spring- 
ing, u. 


• 

U 

E 

C 

E 

C2 


Radius at 
Crown. 


to 
R' 

.050 
.019 


Width Pace 
to Pace at 
Crown. 


Thickness of 
Piers at 
Springing. 


Material. 


Class of 
Bridge. 


Reference. 




X.9 


50.0 
63.75 

27.3 


?24.0 

25.0 


X2.8 


Brick 
Granite 


Ry. 

Canal 
H.W. 


K. Dec. 20, 1895 

VSTm. Wheeter 
P. 1852, p. 98o 
B. 
L. 


39 
40 

41 

42 
43 
44 




E 
C2 
C2 
C2 
C2 
E 


27.88 

27.88 

27.9 

27.9 


.108 

.XXX 


19. 7 
X9.7 


7.4 
9.2 

4-9 
9.5 


Brick 


Ry. 
Ry. 

Ry. 


P. X859, p. 999 
P. 1852, p. 996 
P. X859, p. 992 
P. 1859. p. 999 
P. 1852, p. 999 
P. 1859. p. 295 


4S 

46 

47 
4» 
49 
59 


t2.0 


Ca 


27.9 
98.0 


.108 


13. 1 
X07.6 


15. 8 


Stone 


Ry. 


P. 1859, p. 998 
G. X89X-X, p. 990 
D. 


St 
52- 

53- 


9.0 


E 
Ca 


55.8 
28.4 


.036 

.187 


80.8 
77.4 


tl3.2 
19. 8 




H.W. 
H.W. 


Washington Bridge 

by Hutton 
P. x8s9, p. 974 


54- 
55 




E 
E 
E 
E 


4X.5 

49.6 
45.8 


.096 
.089 

.093 


35.2 
35.2 


«4.4 
12.8 

X2.8 




H.W. 


P. 1859, p. 980 

P. 1859, p. 989 
P. 1852, p. 280 


56- 




Ca 


99.0 




4.7 






Aqued't 


B. July?, 1 888, p. 2 


59 




E 






24.0 


XI. 






P. 1852, p. 284 


6» 


2.7 
2.7 

2.5 


C 
C 
P 
Ca 
C 


36.2 

2X.O 

99.9 
43.7 


.075 

.X35 

.085 
.057 


48.0 
48.0 
X4.0 

40.0 


6.0 

xo.o 
xo.o 


Sandstone 
Granite 


Ry. 
H.W. 


B. July 20, 1889 

B. 

L. 

L ,P. 1852. p. 237 

P. X852, p. 290 


6r 

69 
63 
64 




E 
Ca 


99 .8 


.069 
.28X 


99. 1 
53.3 


XX. 7 
12.8 




H.W. 


P. 1852, p. 980 
P. x8s2, p. 976 


6S 
66 




Ca 


29.3 


.X47 


77.7 


XX. 7 




H.W. 


F. 1852, p. 976 


67 


3.2 

4-5 


Ca 
Ca 

C 
Ca 
E 


29.5 
29.5 

50.9 
29.8 


.XT2 

.063 
.067 


t33.5 
42.6 

62.2 
80.8 


t23.o 

X2.I 

8.5 


Travert'e 


H.W. 
H.W. 


M. Feb. 18. Z899 

A. April, 1847 

F. 1859. p. 988 

D. 

See No. 54 

P. X859. p. 989 


6a 
69 

70 

7x 
7» 


3.3 


C 
Ca 


43-5 

30.0 


.076 
.067 


52. 

22. 2 


8.0 


Ber«a 
sandstone 


Ry. 


B. Jan. 30, I0C2 
N. Jixne 8, 1899 


75 
74 



62 

St 
St 

N. 



t About. 

On 4i** curve. Arches Cyl. H. — 66'.o. 64. ist Bridge by Mylnc. 1 768-7 9 called New Jamaica 
Bridge. Old Bromielaw Bridge. 68. Originally 8 arches, 5 now buried. To give access to 
Ange Castle.. 69. Paris -Versailles. 70. Five tracks. Ribbed arch Skew 45® 44'. Pa. Ry. 
Y. Div. 73. Two abut, piers, 22'.o. Skew 71* 30'. 74. Twin arches 4'.2 apart. Two 



tracks. L. S. ft 



% 



S. Rv. 
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TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 

MASONRV 






2: 

75 

76 
77 

78 

3S 
Sz 

«a 

«3 



S4 

«7 
98 
-90 



■03 
«4 

95 

-97 

98 
99 

loo 

lOZ 

xoa 
103 

C04 
105 



X06 
107 



Name. 



Dee 

S. approach Vosme 

MudflyCrk. 

W. JeTBey St. 
Kexmet 

Staines 

Ballater 
Stirling 



Richmond 
Ahiess 

Anker 

Dutton Viad. 
Holy Croes (old) 
Kingston 



Omemaugh 

Ben's Creek 

L. Juniata No. 7 

Big Chiques 
Big Viaduct 
L. Conemaugh No. 6 

Chestnut St. 



Congleton Viad. 
Tweed 

Gdrlits 



Place. 



Minneapolis. Minn. U.S.A. 



Val. Llangallen. Wales 
Drogheda Ireland 

Addystone O. U.S.A. 

Elisabeth N.J. U.S.A. 
Near Caversham. England 

Staines. England 

Ballater. Scotland 
Stirling. Scotland 



Richmond. England 
Alness, Scotland 
Warfield. England 
England 

England 

Peldkirch, Austria 
Kingston England 



Over. 



W. Grand St. 



Saumur. Prance 

W. ot Ben's Crk, Penn.. 

U.S.A. 
Lilly-Portage. Pa.. U.S.A. 
I m. E. Schoenberger's, 

Penn., U.S.A. 
Penn.. U.S.A. 
Viad. Sta.. Penn.. U.S.A. 
E. of L. Conemaugh. Pa., 

U.S.A. 
Philadelphia. Pa.. U.S.A. 
Bewdley England 

Congleton England 
Ratisbon, Germany 
Berwick England 
Charmes. Prance 

Kew England 

Near Gorhtz, Sdesia 



D61e France 
Elisabeth. N. J U.S.A. 



Mississippi R. 



Dee R. 
Boyne R. 

Muddy Crk. 

W. Jersey St. 
Kennet R. 

Thames R. 

Dee R. 
Porth R. 



Thames R. 



Weaver Val. 
111. R. 
Thames R. 



Arm of Loire R. 
Conemaugh R. 

Conemaugh R. 
L. Juniata R. 

Big Chiques Crk. 
L. Conemaugh R. 
L. Conemaugh R. 

Schuylkill R. 
Severn R. 

Dane R. & H.W. 
Danube R. 
Tweed R. 
Moselle R. 

Thames R. 

Neisse R. & Val. 



Doubs R. 
W. Grand St. 



Date. 



Engineer. 



1851-67 

tiSgs 

i8q - 
ti84o 

1796 

1809 
1829-33 



X 7 74-7 7 
18x6 
1846 



13th cen. ? 
i8as-a8 



1756-64 
1896 

1896 
1889 

1884 

1889 
1 889-90 

1861-66 
1797-9 

1839- 

"35 
1847-50 

1740 



1844-47 



1760-64 
189- 



Macneill 

Kittredge 

Brown 
Brunei 

Sanby 

Telford 
Stevenson 



Payne & Couse 

Telford 

Grainger 



Stephenson 
Lapidge 



Voglio&Cessart 
Brown 

Brown 
Brown 

Brown 
Brown 
Brown 

Kneass 
Telford 

Stevenson 

Stevenson 



Guenet 
Brown 



I 



o 



z 

a 

a 

19 

13 

I 
a 
1 
1 

a 
z 
a 

5 

I 
a 
a 

5 

z 
az 

z 

19 

ao 

r 

5 

a 

a 

za 

z 

z 
3 

a 
a 
3 



z 
a 

4a 

IS 
a8 

10 



6 

6 

18 

z 
7 



* Maximum. 

Remarks. — 76. H. "»i47'.6. Intrados to rail — 6'.i. Shrewsbury-Chester, stone facing. 78. 
Approach to metal spans Av. H.-90'. 78. Big 4 Ry. 79- Pa. Ry., N. Y. Div. Skew 6o«. 
Ribbed 80 Great Western Ry. Co. 81. Q<»ed 1797 on account of poor fotmdation. 

hA. Cieaj headway above L.W. — as'.o. 86. Leeds-Thirsk. H.— 9o'.o. 87- 816' long. 88. 
Crand June. Ry. H •»73'.o. 89. Replaced. 90. Pound, upon blue clay. Kingston-Hampton, 
-wick. 91. A. 1856, p. 376. Potmd. upon piles. 9a. Pa. Ry. Pitts. Div. Pour tracks. 93. Pa- 
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ARRANGED ACCORDING TO SPAN— (C^wi^wfitfrf). 
ARCHES. 



Span. 


Rise. 


Thickness of 
Arch Ring 
at Crown /b. 


At Spring- 
ing, to. 


• 

C 


Radius at 
Crown. 


to 
R' 


Width, Face 
to Pace at 
Crown. 


Thickness of 
Piers at 
Springing. 


Material. 


Class of 
Bridge. 


Reference. 


1 


60.0 


15.0 








40.0 


8.0 




H.W. 


N. Nov. as. 1895 


75 


570 


14.3 
























54. 


t^'S 
























60.0 


30.0 






Ca 


30.0 




a7.8 


X3.1 


Brick 


Ry. 


P. x8sa, p. X56 
A. Julyx85i,p.384 


76 


<k>.o 


30.0 






Ca 


30.0 










Ry. 


77 


<So.o 


X3.0 


3.0 


3.0 


C 


43.5 


.069 


30.0 


xo.o 


Berea 


Ry. 


Blue 


78 


55 -o 


za.o 


3.0 


3.0 


C 


37.5 


.080 






sandstone 








<So.o 


9-5 


3.5 


3.5 


C 


52. X 


.067 


Sx.o 






Ry. 


D. 


79 


60.0 




3.0 


4.5 








?36.o 




Brick 






80 


x8.o 




x.S 


1.5 












Brick 


H.W. 


K. Dec. ao, 1895 




60.0 
















8.0 




K. Sept. X3. 1895 


8x 


j3 . 
60.0 


















Granite 


H.W. 


C. X 855-56 


8a 


60.0 


13.5 


a. 8 


3.5 


C 


40.0 


.070 


?32.8 


9.0 


Greenst'e 


H.W. 


C 1855-56 


^i 


58.0 


ia.5 


a. 8 


3.5 




38.6 


.073 






from near 








53.5 


X0.3 


a. 8 


3.5 




39-8 


.073 






Stirling 








*6o.o 




















H.W. 


K. Jtily xa, 1895 


84 


60.0 


ao.o 






C 






as.o 








P. x8s2. p. a88 


85 


60.0 


30.0 
















Brick 


Ry. 


P. 1853, p. X69 


86 


60.0 














31.0 




BrickRing 




P. x85a, p. x88 


87 


30.0 


























60.0 














30.0 






H.fr. 


A. X837, 8, p. las 


88 


60.0 


30.0 






Ci 


30.0 




?ix.o 






0. June X898 
A. Dec. x84a 


89 


60.0 


19.0 






E 






?as.o 


txo.o 


Brick 


H.W. 


90 


56.0 


z8.3 














9-3 


faced with 






w 


Sa.o 


16.5 














8.7 


stone 




K. July a6, 1895 
L. P. X852. p. a76 




*6o.o 


9Z .0 


4.8 




E 


55.4 


.087 


44.7 


za.8 




H.W. 


91 


60.0 


ao.o 


3.0 


3.0 


C 


32. s 


.09a 


&3.S 






Ry. 


D. 


9a 


60.0 


ao.o 


3.0 


3.0 


C 


32.5 


.09a 








Jy- 


E. 


93 


60.0 


15.0 


3.0 


3.0 


C 


37. 5 


.080 


36.6 


7.0 




Ry. 


E. 


94 


60.0 


15.0 


a. 8 


a. 8 


C 


37.5 


.07s 


zz.o 


txa.o 


BrickRing 


gy- 


B. 


95 


<k).o 


30.0 


a. 7 


2.7 


Ca 


30.0 


.090 


36. s 


8.0 




?y- 


B. 


96 


<K>.0 


ao.o 


3.0 


3.0 


C 


32.5 


.09a 


t4i.o 


7.0 




Ry. 


B. 


97 


60.0 


z8.o 


».5 




C 


34.0 


.074 




Brick 


H.W. 


I. 


98 


<So.o 


z8.o 


a.o 




C 


34.0 


.059 


28.0 


8.0 






I. L.!P. x8sa p. a84 


99 


sa.o 


16.0 
























<o.8 


ao.o 






C 






31 .0 




Brick 


H.^. 


A. X839, p. 444 


zoo 


60.8 


30.4 


3.2 




Ca 


30.4 


.105 


2S.6 


ao.3 




P. 1852, p. 274 


lOZ 


61.5 


30.8 






Ca 


30.8 






5.2 


Brick 


H.^. 


P. 1852, p. iss 


102 


61.8 to 


30.9 


4.3 




Ca 


30.9 


.139 




17. 1 




P. 1852, p. 276 


Z03 


34-1 


17.1 
























61.8 to 


30.9 


a. 7 




Ca 


30.9 


.087 




8.5 






P. 1852, p. 282 


104 


38-4 


19. a 
























61.8 


30.9 






Ca 


30.9 








Red Gran. 


Ry. 


P. 1852, p. 2IS 


X05 


41.2 


ao.6 








20.6 
















30.9 


^S'S 








IS. 5 
















»4.8 


12.4 








12. 4 
















6z.8 to 


19. a 


4.3 




















106 


S».a 








E 


44.7 


.096 






1 1.5 to 




F. 1852, p. 280 




6a. 


9.0' 3.6 3.6 


C 


57.9 .062 


sx.o 


10.7 


Ry. 


D. 


107 


^^ 


ibout. 












Ry.Pitt 


s. Div. 


9^ 


(. Rib1 


bed. 


Skew 


45*. 


Thre 


e tracl 


cs. Pa. Ry 


95. P 


a. Ry. Phila. Div. 


96. 




140 
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TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



MASONRY 



1 


Naxne. 


Place. 


Over. 


Date. 


Engineer. 


ft 

CO 


X08 


Holy Cross (xi«w) 


Peldkirch, Austria 


IllR. 


X898 




B 


X09 


St. Axiselo 


Rome, Italy 


Tiber R. 


X35 


Hadrian 




xxo 


Barton Aq. 


Worsley, England 


Irwell R. 


1760- 


Brinklcy 


3 


xzx 




Athlone, Ireland 


Shannon R. 


1844 


Rhodes 


3 


ZI3 




Mirepoix, Prance 


LersR. 


X 7 76-90 


Gaxipuy 
Le Creuix 


7 


1x3 




Prouard, Prance 


Moselle R. 


X788 


7 


XI4 




Pert^, Prsnce 


Mame R. 




Pitrou 


X 


xxs 




Mont^limar, Prance 


Roubion R. 


x8o6 


Vo^ 

M. Rusticus 


3 


1x6 


Actius 


Rome. Italy 




i3« 


7 


117 


Neuf 


Puns, Prance 


Seine R. 


1578-1604 


Cerceau & Mar- 
chand 


t9 


zz8 


Rock River 


Watertown. Wis.. U.S.A. 


RockR. 


X909-03 


Loweth 


4 


XXQ 


Coldstreaixi 


Coldstream, Scotland 


Tweed R. 


I77X"- 


Smeaton 


5 


xao 


L. Conematigh No. 3 


Summerhill. Penn., U.S.A. 


L. Con. R. H. W. 


X887 


Brown 


3 


tax 


L. Gmeznaugh No. a 
Stockport ^^ad. 


Penn., U.S.A. 


L. Cnnexxutugh R. 




Brown 


r 


xaa 


Stockport, England 
Carlisle, Scotland 








aa 


123 




Eden R. 




Smirke 


,? 


134 


Rivanna Aq. 


U.S.A. 






Bllet 


135 


Tcviot-Twced 


Near Kelao. Scotkod 


Teviot R. 


X 794-95 


Elliot 


3 


xa6 


Houghton River 








Haskoll 




137 


Conon 


England 


Conon R. 


x8o9 


Telford 


X 

a 


138 


Boberthal 


Near Bunzlau, Silesia 


Bober R. & Val. 






5 


X39 


Cher 


Prance 


Cher R. 




Beaudemoulin 


30 
6 


X30 


Sen via 


Italy 


ScriviaR. 


1850 


Perraris 


3 


X3I 


Cinq-Mars 


Prance 


Loire R. 


1845-46 


Bailloud 


19 


X33 




Val-Benoist, Belgium 




183a 




5 


133 




Purand 


Purand, R. 
Vienne R. 


1834 


Montluisant 


X 


^34 




Atizon, Prance 


X 846-47 


Beaudemoulin 


s 


I3S 


Chante-Perdrix 


Prance 






Lamothe 





136 


Landwasser V. 




Landwasser R. 


190X 




5 


137 


Rantan River 


New Brunswick, N. J., 
U.S.A. 


Rantan R. 


X9oa-3 


Brown 


XO 

a 
8 

I 

X 

a 


138 


Kew 


Kew, England 


Thames R. 


1789 


Paine 


139 


Bow 


Stratford, England 


LeaR. 


1835-39 


Walker & Bur- 


4 

X 


140 




Near York, England 


Ouse R. 




gess 
J. & B. Greene 


3 


X41 


Montignac 


Prance 


V^zfcreR. 


1766-73 


Tardif 


3 


X43 




Lancaster. England 








5 


K43 


Brig o'Balgownie 


Old Aberdeen, Scotland 


Don R. 


X38l 


Bishop Cheyne 


z 


'*t 




Horbury. England 


AireR. 


1775 


Clinchamp 


5 


X45 


Bellecour 


Lyon, Prance 

Near d' Aries, Prance 




1789-X810 


• 


5 


146 


Viad. d* Aries 


Valley 






3« 



* Maximum 

Rbmarks. — 108. Replaced No. 80. no. Removed for Manch. Ship. Canal. xii. Gravel 
fotmdation. Cofifer-dams used. H.^gS'.s. iz6. See Nos. 68 and 109. Z17. Repaired z849-> 

E arches built under the circular. See No. 12. xi8. C. M. ft St. P. Ry. i3o. Pitts. Div. 



Pa. Ry. Skew 60**. Ribbed. On piles. 
Chester-Birmingham. H.-"io5'.9. 123, 
Kanawha Canal. Z38. Beriin-Breslau. 



I at. Pitts. Div. Pa. Ry. Stone parapet. laa. Man- 

Intrados has five centres. 124. James River and 

Intrados of each at same elevation; 75 ft. high. 
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ARRANGED ACCORDING TO SPAN— (C^m^wnecQ. 



ARCHES. 



Span. 



6a. 3 

•6a. 3 

♦63.0 

63.0 

63.9 
63.9 

63.9 
64.0 

64.0 to 

as. 4 

64.0 to 

45-3 
64.0 
64.0 
64.0 
64.0 
65.0 
65.0 
65.0 
•65.0 
. 65.0 
65.0 
S5.0 

45. o 

65.6 

less 

65.6 

65.6 

65.6 

65.6 

65.6 

65.6 

65.6 

65.6 

66.0 

56.0 
SI .0 
•»a.o 
66 o 
55. o 
45.8 
66.0 

66.0 

66.x to 
4a. 6 
66.9 
67.0 

67.9 to 

.'54 
68. a 

68.9 




3>.5 

TO. 7 
19. a 

a3-5 
ai .3 
3a. o 
ia.7 
3a. o 
aa.7 
16.5 

x6.o 
16.0 

3a. 5 
ax .0 

15.0 
17. o 

ax. 8 




3X.9 
13. X 
ax .6 
8.8 
3a. 8 
ax .9 
33.8 
33.8 
33.0 



53 
5.3 
3.7 
4-3 
4.8 

4-5 

3.0 

a. 7 

a. 8 
3-8 
2.Z 

a. 8 
3.0 



3 
3 
3 
3 
3 



3 
9 
9 
3 
3 



3-3 
3.0 



aS.o 3. a 

as. 5 
24.0 3.3 



X3.8 a.s 
X9-3 3-5 

at. 3' 
33.5 
ra.6 6.4 



34.4 a. 7 
a3.o, 



^ 






3.0 
a. 7 



7.3 
a. 8 

a. 8 



4.4 



4.0 



9 



E 
C 
E 
E 
E 
Ca 

Ca 



C 
C 
Ca 
E 
C 
C 
Ca 
C 



E 
C 
E 
C 
Ca 
E 

Ca 
Ca 



Ea 

E 

C 

Ca 
P 
E 

E 
E 



- 




SIS 


• 

ftp 


Radius at 
Crown. 


io 


idth. Pa 
to Face 
Crown. 


^11 




^ 


s 






?So.8 




3x5 




?4a.o 




55-4 


.096 


tas.6 


"•2 


55-7 


.09a 




13.8 


59-7 


.06a 


33.4 




SO. 6 


.084 




19-4 


3a. 


.150 


50.8 


34.5 


X3.7 








33.0 


.141 


73.5 


13.8 


aa.7 








39-3 


.076 


38.3 


8.0 


40.0 


.067 


33.0 




40.0 








3a. s 


.086 


33.0 

t36.o 




4a. 7 


.066 


t33.o 


7.0 


3a. 5 


.086 






36.4 


.08a 


30.0 


8.0 to 


• 






6.5 


47.6 


.069 




8.5 


47.5 


.08a 


39. 5 


13. 1 


47.7 


.08a 


38.9 


IX. 5 


65. S 


.054 






33.8 


.xox 


36.3 




47-5 


.069 


36.3 


8.5 


33.8 


.09X 


8.5 


XX. s 


33.0 




55.0 


8.0 


38.0 


.X14 




to 


35.5 






XX. 


390 


.084 


34.0 




8x.o 


.03X 


43.5 








39.6 


xo.o 
X7.X 


33.5 






13. 7 


57.5 


.XIX 




TI.7 


53-3 


.050 




r8.6 



Material. 



LixneflEtcme 



sand 
stone 



Brick 



PrDestone 



Brick ring 

Freestone 

Limestone 



Granite 

rin^ 
Brick in- 
terior 



Class of 
Bridge. 



H.W. 
H.W. 

H.W. 



H.W. 
H.W. 
- Ky. 

Ry. 

Canal 
H.W. 
H.W. 



Ry. 
Ry. 

Ry. 



H.W. 
H.W. 

Ry. 



Canal 
H.W. 



Ry. 



Reference. 



898 



O. June X 

L. 6. 

R. Dec. 1888 

A. 1844. p. 444 
P. i8s3. p. 383 
P. i8s3, p. 384 
P. i8s3, p. 376 
P. 1853, p. a86 
P. x8s3, p. 374 

P. i8s3, p. 376 

B. Mar. 36, 1903 

E*. 
E. 
P. 1853, p. is8. J 

C. 18SS-6 

Pub. Wks.U. S.;4i 

I. 

L.J. P. x8s3,p. 386 

P. X8S3, p. 3X3 

p. 1853, p. 394 
p. x8s3, p. 396 
p. 1853, p. 394 

p. 1853, p. 390 
. p. 185a, p. 394 
r. ist Tri., 1901 
Engineer, April, '04 
N. Oct. xo, X903 



K. June 14. 1895 



A. Oct. 1837. p. 14: 
A. April 1839. S 
S. 

P. 1853, p. a8o 

P. i8s3, p. 386 

P. 1853, p. 383 

P. x8sa, p. 384 
P. i8sa, p. 139 



io8- 

109 

xio* 

III 

iia 

XI3 

»I4 
115 
1x6 

117 

1x8. 

119 
lao- 

131 

laa- 

'33 

134 

I3S 

X36 
ia7 



xa8. 

139' 

«30 
X3« 
133 
«33 
«34 
X35 
136- 

'37 



138- 

139 
140- 
14X 

143 

143 
144 

145 
146- 



t About. 

X39. Touxs-Bordeaux. Skew 34* t©'. 130. Turin-Genoa. 131. Tours-Nantes. 

Bordeaux. 135. Cost 1,0x7.300 f. 136. Thusis-EngacUne. X37« Penn. Ry. iju. xvc^mv.x:u 

old bridge of xioo-xxx8. Slight skew. Foundation on gravel. 140. Great North of England Ry. 

On piles. 143. Bottom of canal to intrados«8'.s. 146. Avignon-Marseilles. H.— 3 7'.9. Pile 

foundation. 



134. Tours- 
X39. Replaced 
of ExiJ 



142 
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TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



MASONRY 



• 

1 


Name. 


m 

Place. 


Over. 


Date. 


Engineer. 


• 


2 


147 


Central Ave. 


Indianapolis, Ind., U.S.A. 


FaU Crk. 


1899 




a 

4 


148 
149 
150 


Bord 

KarlsbUrcke 

Potazch 


PraflTue, Atistria 
WalesC?) 


OeUR.(?) 
Moldau 
Dee R. 


1764 

1357-1507 

x8x3 


Leclerc 
Telfoid 


x 

X 

x6 

z 


151 


Lockwood 


Nr. Huddenifield. England 


Sheffield R. Val. 


x 846-49 


Hawkshaw 


3 
I 

z 


iSa 

153 


Wellesley 
Wharncliffe Viad. 


Limerick. Ireland 
Brent-Knoll. Bnlgand 


Shaimon R. 
Brent R. 


1837 
1836-37 


Nixnmo 
Brunei 


3a 

1 


154 

155 
156 
157 
158 


Crum Elbow 

Wisaahickon 
Shock's Mills 
Rockville 


Hyde-Pk.-on-Hudson. N. 
Y., U.S.A. 

Pa.. U.$.A. 

Shock's Mills. Pa.. U.S. A. 

RockviSe, Penn., U.S.A. 


Crum Elbow Crk. 

LeaR. 

Susquehanna R. 
Susquehanna R. 


X898 

1881-2 

X903- 
X901 


Morris 

Braithwaite 
Buchholz 
Brown 
Brown 


z 

z 
5 

38 

48 


159 
160 
x6z 
x6a 

163 
164 

16s 
z66 


Masares 

Homps 
Spoleto Aq. 
Colorado St. 


PranceC?) 

Pavia. Italy 

Swatara, Penn.. U.S.A. 

Spoleto. Italy 
St. Paul, Minn.. U.S.A. 
Hebnsdale. Scot]and( ?) 
Luxemburg, Germany 


L^R. 
Ticino R. 

Aude R. 
Valtey(?) . 

Helmsdale R. ( ?) 
Petrusse R. 


14th Cent. 

1785 
741 
X889 
z8i6 
I 899-1903 


Pertichamp 

Under Visconti 

Osbom 

Ducrofi 

Theodelapius 

Rundlett 

Telford 

Sejoume 


3 
7 
6 

3 

zo 

I 
3 
3 


167 


North 


Edinbux^gh, Scotland 


Waverley Ry. Sta. 


i763t 




3 


x68 
169 
170 
171 

17a 


North Loch 
SchuylkiU 
Black Rock Tunnel 
London (old) 

Brunswick 


Nr. Edinburgh. Scotland 
Philadelphia. Pa., U.S.A. 
Penn., U.S.A. 
London. England 

N. Brunswick, N. J.,U.SJV. 


N. Loch Valley 
Schuylkill R. 

Thames R. 

Raritan R. 


X836 

1x76-1309 

1758 

Z903 


Mylne 

Robinson 
Peter of Cole- 
[church 
Brown 


3 

4 

4 

19 

1 
z 

ZI 


173 
X74 
175 
176 


Aulne 

Boston Ave. 
Zeniec 
Schmiedtobel 


Prance 

Medford. Mass., U.S.A. 

Austria 

Near Kldsterle, Austria 


Mystic R. 
Schmiedtobel 


1900 
x88a> 


Amoux 
Bailey 

Huss 


z 
8 

13 

Z 

3 


177 
178 

170 
180 


Po 

Teviot-Tweed 
Conon Viad. 


Near Valenza. Italy 
Dresden. Saxony 
Kelso, Scotland 
Conon, Scotland 


PoR. 
ElbeR. 
Tweed R. 
Conon R. 


1850 
1179-1360 
1799-1803 


Rovere 
Fotius 
Rennie 
MitcheU 


a 

3X 

z8 
5 

5 


x8i 


Staines 


Staines, England 


Thames R. 


1833 


Rennie 


X 


183 




Fucecchio, Italy 


Amo R. 


1869 




a 
5 



* Maximum. 

Rbmarrs. — 147. Cost about $39,000. F41e foundation 3' center to center. Z49. Partially 
destroyed, flood 1890. Z5z. Huddersfield & Sheffield Ry. 70' and 45' arches on skew and 

ribbed. H. — z33'.o. xs». "Bell-mouthed" type. 153. Great Western Ry. of England. 

156. Coft $375,000. 157. Penn. Ry., two tracks. 158. Penn. Ry., four tracks. 6* curve at 

one end. 160. Replaced by another bridge. Covered. Roof supported by marble columns 

z6z. Lebanon Valley Ry. 163. Now in use. Piers of stone. H."-'39a'.. at springing. 164 
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ARRANGED ACCORDING TO SPAN— {Cim/«»««0. 



ARCHES. 



Span. 


Riae. 


lickness of 
Arch Ring 
at Crown to. 




• 

1 


Radixis at 
Crown. 


to 

T 


idth. Pace 
to Pace at 
Crown. 






P 


^ 


5 




^ 


69.0 


14.0 


3.0 


3.0 




50.0 


69.0 


15.0 


a.o 


2.0 








So.o 


69.2 


35.6 






£ 








69. s 
















70.0 


as. 8 


a.s 




C 


36.6 


.068 


30.0 


60.0 
















70.0 


8.0 


3.6 


2.6 








38.0 


4S.O 
















30.0 


15.0 


tx.S 

T3.0 


+3.6 


w« 


ISO 


.100 




70.0 


9.0 


E 






43.0 


70.0 


17.5 


3.0 




E 






35. 


70.0 


7.0 


a.s 


3.S 










70.0 


17.5 


3.8 




E 






30.0 


70.0 


33.0 


3.0 










38.0 


70.0 


20.0 


3-5 


3.5 


C 


40.6 


.086 


38. 


70.0 


30. 


35 


3.5 


C 


40.6 


.086 


so.o 


70.3 


35. a 






C2 


35.3 






70.4 


64.0 


3.9 




P 


85.3 


.046 




70.0 


35.0 


3-5 




C 


37.0 


.093 


33. s 


70. a 


0.4 


4.3 




C 


68 3 


.063 




70.3 


35. a 






C2 


35-3 






70. s 


II. 


3-5 


t4.6 


C 


62.0 


.056 


tso.o 


'''•Z 


35.0 






C 






31. 


70.8 


35-4 


2.9 












71.0 


35-5 






C2 


35-5 




54. s 


•7a. 


36.0 


3.8 




C7 


36.0 


.078 


43.3 


7a. 


16.5 


3.0 




c 


47. 5 


.043 




72.0 


16. s 


3.8 


3.8 


c 


47. 5 


.059 


18.3 


9 to 30 














4ot 


73.0 
















7a, 


36.0 


3-3 


Z'Z 


c 


36.0 


.092 


55. 


66.0 


33.0 


S'3 


3-3 


c 


33.0 


.100 


55.0 


56.0 


38.0 


3. a 


3.3 


c 


38.0 


.114 


55. 


Si.o 


25.5 


3.0 


3.0 


c 


iS'S 


.118 


55. 


72.2 


31. X 






C3 


31 . 1 




36.6 


72.2 


15.5 


^'S 


^'S 




49.8 


.050 


56.0 


7a. a 




3.6 


4-3 










73.2 


36.1 


4.1 


7.S 


Cs 


36.1 


.114 




39-4 


19.7 








19.7 






73.3 


II. 3 


3.8 




c 


63.9 


.059 


33.8 


73. 5 


36.3 


6.4 




C2 


36.3 


.180 


37.3 


73.0 


31 .0 






E 






t26.o 


73.0 




3.0 


4.0 










74.0 


9.3 


30 


6.0 




78.0 


.038 


34.0 


66.0 


8.3 














74.0 

















M 



Hi 

O;? ft 
P 



6.0 
6.0 



10. o 



Material. 



Limestone 

RingOd- 

[Utic 



4 . s Sandstone 



10. o 



9.5 
8.0 
8.0 

16.0 
18.7 
8.5 
II. 7 
II. 7 

14.0 



13.5 



8.0 

2S' to 
[34' 

9.0 

8.0 



117.1 

9.84& 

29.9 



8.3 



Brick, 
stone fac'g 



Brick ring 
Talcose sL 

Stone 
ring 

Brick 
Brick 

Preestonc 
Brick 

Limestone 



Craigleith 
stone 



Granite 



Brick 



Granite 



Class of 
Bridge. 



H.W. and 
E. Ry. 



Ry. 



H.W. 

Ry. 

H.W. 
Ry. 



H.W. 
Ry. 

Aqued't 
H.W. 

H.W. 

H.W. 

H.W. 

Ry. 

Penn. Ry. 
4 tracks 



Ry. 

H.W. 

Ry. 

H.W. 



Reference. 



H. W. Klausman 

P. i8s2. p. a8o 
P. 1896, p. 126 
P. 1852, p. 288 

C. 1850 

A. April, x8sx, p. 

C. 1 8s 5-6. S, 0. 

A. 1837-8, p. 126; 
P. 1852, p. 181 

B. Peb. x6, Z899 

S. 

B. May a, 1902 
T. March xi, 1904 
B. March to, 1900 
T. Oct. 3s, 190 1 
P. 1853, p. 384 
P. 1853, p. 376 

. P. 1853, p. 384 



i 



% 



ov, 33, 1889 
P. 1853, p. 388 
N. Oct. 13, 190 1 

N. Mar. x. 1902 
K. Oct. 1899, pp. 

433. 491 

P. 1852, p. 393 
L. 



£ 



X47 

148 
149 
150 

ISI 



15a 
153 

154 

15s 
156 

157 
X58 

I.S9 
160 
161 
i6a 
163 
164 
16s 
166 

167 

168 
169 
170 
171 



B. Jan. 30, 1903, p. 17a 
86 



G. ist Tri. 1901 
Wm. G. Taylor 

B. Dec, 7. X893 

G. 1888, XVI, p. 

575 

P. 1853, p. 396 
P. 1852, p. 274 
L«. 
K. Sept. 20, 1867, 

pp. ao6, 257 

C. S. K. Sept. 13, 
, 189s, p. 336 
Jour. P. Inst., Peb. 

1870, p. lOI 



173 
174 
175 
176 

'77 
178 
179 
180 

x8i 

182 



t About. 
Skew 6o'. Pile foundation. 



166. Pour lateral arches in each spandrel. 167. Replaced 



by Steel, 1898-9. 168. H. — 65'.© to top of parapet. 169. To Mt. Carbon, W. Va. 170. Phila. 
& Reading Ry. 171. Replaced in 1824-31. 172. 72' span. Stepped Skew 63* 10'. Backing 
of masonrv 24' to 28' above springing, then earth fill. 173. Cost 2,165,000 f. 174. Cost 

Si 7 300. Skew 16*. 175. Austrian State Ry. 176. Austrian State Ry. 177. Alessandria 

to Lake Maggiore. 179. Below Elliot's Bridge. x8o. Highland Ry. one track. 
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APPENDIX, 



TABLE II.— DATA FOR ABOXTT 630 ARCH BRIDGES 



MASONRY 



»• 












• 


5 

1 

1 


Namey 


Place. 


Over. 


Date. 


Engineer. 


CO 

• 



2; 


183 




Scotland 


Earn R. 


Z78x-i8ai 


Rennie 


5 


184 


Albany St. 


N. Bninswick. N. J.,U.S.A. 


Raritan R. 


189a 


Dean and West- 
brook 
Stevenson 


7 


18s 


Whitadder 


AUantown EnglandC?) 


Whitadder R. 


1842 


a 


186 


Westminster (old) 


Westminster, England 


Thames R. 


1738-50 


Labelye 


15 


187 




St. ICaxence, Prance 


OiseR. 


1774-85 


Perronet 


3 


x88 




Navilly, Prance 


DoubsR. 


1780 


Gauthey 


5 


189 




Roanne, Prance 


Loire R. 


1 789- X 809 


Vareigne and 

Vimar 
Lahite 


7 


190 




ComiM^gne, Pzanoe 


OiseR. 


1783 


3 


xgi 




Semur, Prance 


Armaxioon R. 
Seine R. 


Z780 


Dtmiorey 
Mansard 


1 


192 


Pont Royal 


Paris, Prance 


x68s 


5 


193 


Cestius 


Rome, Italy 


Tiber R. 


IStC. B.C. 


Under Cestius 


I 


194 




Perth, Scotland 


TayR. 


1760-71 


Smeaton 


9 


Z95 


Hyde Park 


Readville. Mass., U.S.A. 


Hyde Park Ave. 


1897-98 


Curtis 


z 


X96 




Italy 


Taro R. 


x8i6-ao 


Cocconcelli 


ao 


X97 




Orleans, Prance 


Loire R. 








198 


Crown St. 

or Hutchenson 


Glasgow, Scotland 


Qyde R. 


x8a9-33 


Stevenson 


z 
2 


199 


MoUe 


Near Rome, Italy 


Tiber R. 


tlOO B.C. 


Scaurus 


3 


aoo 


Pabricius 


Rome, Italy 


Tiber R. 


t62 B.C. 


Pabricius 


X 

9 


aoi 




Scotland 


Avon R. 


Z820 


Telfoitl 


I 

z 


aoa 


Annan 


Near Johnstown. Scotland 
New York, N. Y., U.S.A. 


Annan R. 


1820 


Telford 


z 


203 


High Bridge 


Harlem R. 


183 7-4 a 


Jervis 


8 


ao4 


Conewago 
Schuylkill FaUs 


W. of Conew'o, Pa.. U.S.A. 
Philadelphia, Pa., U.S.A. 


Conewago Crk. 
E. Pk. Drive 


1891-92 


Brown 


7 
3 


ao5 


1890 


Nichols 


z 


ao6 


Conemaugh 


Viad. Station, Pa., U.S.A. 


Conemaugh R 


1833 


Penn. Ry. 


z 


ao7 


Posen Viad. 


Posen, Germany 










ao8 


Vittorio 


Turin, Italy 

Near Painsvillc.O., U. S.A. 


PoR. 


1810 


Pertinchamp 


5 


ao9 


PainsviUe Viad. 








4 


aio 




Trilport, Prance 


Mame R. 


1758-64 


Peronnet 


3 


an 


Pont du Gard 


14 m. from Nismes. Prance 


Gardon R. 


Bet. 27 
B.C.-14A.D 
I St tier 
ad tier 
top tier 


Under Agrippa 


z 

3 

I a 

xa 

36 


aia 




Prague Austria 

York. England 

Near Montlouis, Prance 


Moldau R. 






8 


ai3 




Ouse R. 


T 6th cent. 


. 


3 


214 




Loire R. 


1845 


Morandi^ 


la 


215 




Tablonica Austria 










216 




Baiersbonn, Germany 


Porbach R. 


1890 


Leibbrand 


z 


ai7 


Oise 


Near Pontoise, Prance 


Oise R. 


1843 


De Breville and 


3 










Couche 





* Maximum. 

Rbmarrs. — 183. On piles. 184. Skew. i86. First use of modem caisaon. Replaced by 
cast-iron bridge. 187. Radial joints in spandrels. 193. Continuation of Pabricius Bridge. 

Z95. Skew 61** and 77* 52'. N. V., N. H. « H. Ry. 200. 13' arch in pier. 20Z. Glasgow- 
Carlisle. 203. H. — Too'.o. Parapet 116' above water. 204. Phila. Div. Pa. Ry. 6* curve. 
Two tracks. 205. Phila. & Reading Ry. 206. Pitts. Div. Pa. Ry. Destroyed by Johns- 
town Flood, Z889. ao8. Commenced by French z8zo. Completed by King Victor 
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I4S 



ARRANGED ACCORDING TO ^V\^— {Continued). 



ARCHES. 







lickness of 
Arch Ring 
at Crown to. 










n% 


'Z M 










Span. 


Rise. 


1 


• 


Radius at 
Crown. 


io 
R' 


idth. Pa 
to Pace 
Crown. 


lickness 
Piers at 
Springin 


Material. 


Class of 
Bridge. 


Reference. 


a 
^ 






s 


? 


U 
E 




^ 


P 








2: 


7S-0 


18.5 


a. 7 






40.9 


18.6 




H.W. 


S. 1839 


X83 


•75.0 


15.0 


a. 4 


a. 4 


C 


S4.4 


.044 


?3S.o 


xo.o 


Brick 
stone fac'g 


H.W. 


B. April 16, 1892, 
P- 373 


184 


75.0 


11. S 


2.S 


3.0 








t30.o 


10. 


Soft red 
sandstone! 


H.W. 


A. March. 1844. p. 
128 


x8s 


♦76.0 


38.0 


7.6 


14.0 


Ca 


38.0 


.200 


46.9 


18.1- 
ia.8 


Portland 
stone 


H.W. 


K, 1895, p. 306; L. 
F. 


186 


76.0 


6.4 


4-« 




C 


118. a 


.041 


76.7 


9.6 




H.W. 


S. P. 1852. p. 28a 


x87 


76.7 


as. 6 


4.3 




E 


S3. 3 


.080 




16.0 






P. 1852, p. 284 


188 


76.7 


a6.6 


3-a 




E 


63.9 


.050 


35 't 


13.3 






P. 1852. p. 284 


189 


76.7 to 


as. 6 


4.3 




E 


S3 3 


.080 


3a. 


12.8 




H.W. 


P. 1852, p. 978 


190 


70.3 


19.3 


3. a 






















76.8 


38.4 


3. a 




Ca 


38.4 


.084 










P. 1852, p. 282 


I9t 


76.8 to 


as. 7 


4-8 




E 






55.4 


14.9 




H.W. 


P. 1852, p. 276 


192 


68. a 


a4.6 
























76.8 


38.4 


4.8 




C2 


38.4 


.t*S 


30.9 






H.W. 


p. P. i8sa. p. 274 


193 


•770 














ta6.o 






H.W. 


L. 


194 


78.0 


14.3 


3.0 


3.0 


C 


60.3 


.049 


165.0 






Ry. 


T. Aug. 12. 1898 


195 


78.7 


ai .6 


I. a 




C 


46.6 


.026 




xs.x 


Brick 




P. 1852, p. 288 


196 


79.0 


a6.3 


4.0 




E 












H.^. 


I. 


197 


79-0 


134 


3.5 


45 


C 


64.9 


.054 


38.0 




Sandstone 


C. 1855-6 


198 


74. 5 


II. 8 


35 






64.7 


.054 














65.0 


8.7 


3.5 






65.0 


.054 














79.3 to 










i 


ta9.o 






H.W. 


0. Cresy's Enc. C. 


199 


Si.o 




















E. 




80.0 


40.0 


6.0 




Ca 


40 . . I SO 


51.2 


t3a.o 


Peperino. 
tufa ana 


H.W. 


P. 1852. p. 274 


200 


70.5 


30.8 


6.0 


« 




39.8 


.ISX 








M. No. 1207 




80.0 


ao.o 






C 


50.0 




a7.o 




traverti'e 




P. 1853, p. a88 


201 


80.0 


ao.o 


3.0 




C 


So.o 


.060 


ao.o 








P. 1852, p. a88 


202 


80.0 


40.0 


3.5 


^'S 


Ca 


40.0 


.06a 


fai .0 






Aqued't 


Johnson s Eacy. 


203 


50.0 


as-o 








as-o 
















80.0 


40.0 


3.5 


35 


Ca 


40.0 


.088 


as-o 


xa.o 




gy- 


E, 


204 


80.0 


a6.o 


3.0 


3.0 


C 


43.8 


.069 


30.0 






Ry . 


B. May 24, 1894; 
Jan. 24, 1 891 


205 


80.0 


40.0 


3.0 


3.5 


Ca 


40.0 


.075 






Sandstone 


Ry. 


p. Am. Sup. 


206 


80.0 


16.0 


4-7 




C 


58.0 


.081 






Brick 




207 


*8o.o 








E 










Granite 




U. 


208 


80.0 


40.0 


3.0 


3.0 


C2 


40.0 


.07S 


90.0 


zo.o 




l^. 


B. May 9, 1902 


209 


80.4 to 


38.8 


4.8 




C 


4a. 


.1x4 


3a. 


x6.o 




Q. P. 185a. p. 280 


210 


76.7 


27.7 
























80.5 


40.3 


53 




Ca 


-40.3 


.ia4 


20.8 




Freestone 


Aqued't 


Johnson's Ency. 

P. Oct. 1896, p. 122 


an 


63.0 


31. S 


SO 






31.5 


.159 








and 




Si.o 


as. 5 


S.o 






25. 5 


.196 


15.0 






H.W. 






15.8 


7.9 


a. 6 






7.9 




XI. 8 












*8o.9 








C 










Granite 


H.^. 


K. May 10, 1878 


2za 


*8i.o 


a6.3 






P 












K. Dec. 22, 187 1 


213 


81. a 


23.3 


4.4 




E 


78. s 


.056 


a8.2 


10.7 




Ry. 


214 


82.0 




3.6 


5. a 














H.^. 


B. Dec. 7, 1893 


215 


8a. 


9.8 


2.0 


a. 6 








?21.7 






G. ist T. 1 901 


ai6 


8a. 


XI. 7 


4.6 




C 


77.6 


.059 


as. 4 


10. 1 




Ry. 


P. 185a, p. 294 


217 



t About. 

Emmanuel. 209. Lake Shore & M. S. R.R. a 10. First bridge entirely designed by Peronnet. 

211. Fifth oenttiry, ends destroyed. Repaired 1743 and piers i>rolonged for new bridge. H. — 
i6o'.o. 212. Between Karlin and Bubua. Viaduct has 87 arches. 214. Orleans-Tours. 

Damaged in War 1870-71. a 15. Austrian State Ry. a 16. Three-lead hinges. Cost i8,a6o f. 
a 17. Skew 76«. Ch. de ter du Nord. 
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/IPPENDIX. 



TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



MASONRY 



i 


Name. 


Place. 


Over. 


Date. 


Engineer. 


• 


2 












i 


318 

219 


Crueixe Viad. 
SttUs Viad. 


Near Marvejois, Prance 


Crueise R. 
Stulz Gorge 






6 


3 30 

221 
222 
223 
224 
325 
226 
227 
228 
229 
230 


Mussy Viad. 
Pont Royal 

Cart 

Big Walnut 

Cognet 


Mussy, France 

Paris, Pnmoe 
Moret. Prance 
Elkader, Iowa, U.S.A. 
Paisley, Scotland 

U.S.A. 
Sisteron, Prance 
Hautes Alpes, Prance 
Maligny 

Darlaston, England 
CoatsviUe, Pa.. U.S.A. 


Mussy R. 

Seine R. 
Loing R. 
Turkey R. 
Cart R. 

Durance R. 
Drac R. 
Serin R. 

W. B. Brandywine 


r 89 3-6 

Z685 

x888 

x«39 
1902 

1500 
1605 

1903 


Geoffrov, Morris 
and Pouthier 
Mansard 
Peronnet 
Tschixgi 
Locke 
Graham 

Werbruge 
Brown 


5 
3 

2 

3 

I 

» 
z 

a 


231 




Blois, Prance 


Loire R. 


1733 


Gabriel 


7 

IX 


33a 




Bordeaux, Prance 


Garonne R. 


1813-32 


Descfaamps 


17 


333 


Lea Cut 


Lea Cut, England 


T-ea Cut R. 








334 
235 
336 


Salarius 
Pouchaids 
Pont de Pierre 


Narses, luly 
Samur, Prance 
Grenoble, Pranee 


Teverone R. 
Thouet R 
Is^ 


Rebuilt 
6th cent. 

i«39 


Trudaine or 
Voglie 
Picot 


I 
3 

X 


337 
338 
339 

240 


Dee Viad. 
Dtinlceld 


La Voulte, Prance 

Alboi«( ?). France 

Bet. Rhti«-y-Medre and 

Chirk, Walc8(?) 
Dunkeld, Scotland 


AUier R. 
Aveyron R. 
Dee R 

TayR. 


1770 
ti849 

1809 


Boesnier 
Telford 


2 

3 

3 
»9 

7 


34 « 
342 

343 

344 


Dean 
Licking Aq. 


Near Edinburgh, Scotland 

Castellane, Prance 
Ronuuis, France 


Licking R. 
Vcrdon R. 
Is^ 


1404 


Telford 
Fisk 


I 
4 


345 


Ens 


Near Hofen, Germany 


Enz R. 


Z885 


Leibbrand 


I 


346 


Jena 


Paris, Prance 


Seine R. 


1806-12 


Lamand^ 


5 


247 
348 
240 

2SO 
251 


Alcantara 
Louis XVI( ?) 
Soey 
Trinity 


Stonfeigh. Enlgand 
Toledo, Spain 
France 

Fochabers. Scotland 
Florence, Italy 


Avon R( ?) 
Tagus R. 

Spey R. 
Arno R. 


1781-1821 

997 
179X 

X569 


Rennie 
RomansC ?) 
Perronet 
Bum 
Ammanati 


X 

3 

4 
3 


252 

aS3 


St. Bdme 


Pontoise, Prance 
Nogent-on-Seine, Prance 


OiseR.C?) 
Seine R. 


177a 
1766-69 


Peronnet 
Peronnet 


3 
I 


3-4 


Vecchio 


Florence, Italy 


Amo R. 


1177 


Gaddi 


3 


3-5 




Neuvillr, France 


AinR. 


177s 


Aubry 


2 



* Maximum. 

Rbmarks. — 2x8. H. — 207'.6. Midland Ry. 219. Thusis-Engadine. 220. B. Nov. 8, x 8 94, 
p. 388. Paris, Lyon. 224. Glasgow & Paisley Joint Ry. 225. B. & O. Ry., Newark Div., 

two tracks. 230. Over Wilmington & Northern Ry. and deep ravine. 334. Blown up in 
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ARRANGED ACCORDING TO SPAN— (C^»»fi«i). 



ARCHES. 



Span. 



♦8a. o 
83.0 

8a. 3 

•83.3 
83. z 
84-0 
85.0 
85.0 
85.3 

♦85.3 
85.3 
86.0 
86.0 
78.0 

86.3 to 

54-3 
86.9 to 

65.9 

87.0 

87.8 

88.4 

88.6 

75.4 

•89. 5 

•89.5 

♦90.0 

90.0 to 

33. 
90.0 
90.0 
00.3 

91. 1 to 

70.3 
C-C9X.9 

♦91.8 

97.0 
♦93.0 

94.0 
♦95.0 

95.8 to 

87.6 

OS 
95 



Rise. 



t4«o 

41 .0 

41 . 1 



37.9 
z8.o 



57.5 
43.6 

43.6 

13 

43 

39 

30 



II 



9 
9 



'95.9 
96.0 



38.9 
16.0 

43-9 
7.4 

33. I 

30.7 

a8.8 
33.0 

30.0 

30.0 
15.0 
39.9 
23. 9 

c-C9.a 
10.8 

130 

46.5 

9.8 

16.0 

14-8 

7-1 
28.8 

19. 3 

a6.6 



t4.a 
3-3 

4.6 



4-3 
30 

3.3 
3.7 
4.6 
3.0 
35 



6.9 
3.9 



3-9 

3-5 

3-7 



3.0 

3.0 
3.8 

4.3 
4-3 

3-3 

4.7 

t4.6 

3.7 

3a 

5-3 
5.3 

5-3 

4-3 



CO d 



18.3 

4.9 



4.0 

Z-3 



4-9 
t8.o 



3. a 



C2 



C 
C 

C 
E 
Ca 
Ca 
C 



E 
E 

C2 

C 

E 

E 
E 



C 
C 

C 

C 

C 

C 



C 
E 

P 

E 






& 



4Z.0 
4Z.1 



Z53.4 
45-5 



43.6 
43.6 
75. a 
430 
39.0 
57. 5 



43.9 

84.3 

IZ4.8 

53.3 

48.7 

48.8 
76.0 

73.5 
55. z 

IZ9.4 

I03.0 
87.9 



165.6 
79.9 

85.3 
71. I 



to 



. Z03 



.ZZ3 



.038 
.066 



ZO8 

,070 

047 



. Z30 



.034 
.070 

.063 

.061 

■037 
.058 

.077 
.04Z 
.046 
.053 



8^ 

is 26 



?36.3 
8.5 

36.5 

t6o.o 
4Z.6 
30.0 

33.0 

ZZ.8 

3Z.3 

?36.5 



49.3 
30.0 
37.8 

3a. 8 

38.4 
37.0 



.033 
.066 

.063 

.060 



Z9.9 

X0.7 

46.4 
z6.o 



31.5 

33.8 

41.5 
33.0 

105.0 



8^- 



CO 



z6.4 

z6.4- 
33.0 

8.0 
zo.o 



33.4- 

Z5.9 
Z3.8 



zo.x 
z6.4 

13.8 

Z3.9 

z6.c 
Z4.0 

38.8 

9.8 



Material. 



Granite 
Umestozie 

Pzeestone 



Brick and 
stone 
Brick. 

stone tnxn 



36.3 
9.8 

a3-S 
X9.2 



Pine ^tone 

Aqued't 

Sandstone 
Freestone 



White 
tziarble 



Freestone 



Class of 
Bridge. 



Ry. 

Ry. 

H,W. 

H.W. 

Ry. 
H.W. 

H.W. 
H.W. 

Ry. 
H.W. 
H.W. 



H.W. 



Ry. 

H.W. 

H.W. 

H.W. 

H.W. 

H.W. 
H.W. 

H.W. 
H.W. 

H.W.(?) 
H.W. 



Reference. 



R. March, 189Z 
Bngixuer. Ainil 8, 
•04. pp. 357, 366 
K. April 30, Z897, 
p. 575 

iLt, 

F. z853, p. 380 

B. April zx, 1891 
A. 1839. p. 3Z3 
T. Aug. 33, 1903 
P. Z853, p. 383 
F. 1853, p. 376 
J. F. Z853, p. 38a 

C. z 85 5-56 

T. Nov. 31, Z903, 
p. 898 

F. Z853, p. 376 
P. 1886. p. 134 

J. F. Z853, p. 388 

C. Z855-56 

M. Feb. x8. Z899. 

p. Z9346 
P. Z853, p. 38a 

P. Z859, p. 393 

P. 1853, p. 383 
P. 1853. p. 380 
A. Oct. 48, p. 317 

L. P. 185a, p. 386 

I. 

I. 

P. i8sa, p. 374 

P. 1853, p. 383 

K. Z892, p. 560; 

G. 1891, p. 930 

C. z 855-56; H. P. 
z853, p. 386 

P. z8o6, p. 130 
Woodbury, 1858 

A. April, Z847, p, 

P. z853, p. 380 
P. 1853, p. a8o; V. 

July 17, 1897 
T. P. 1853, p. 376; 

P. 1896, p. 139 

P. z853, p. 383 






3X8 
3X9 

330 

331 
23a 

233 
334 
335 
336 
337 
338 
339 
330 

331 

332 

334 

335 
336 

»37 
238 

239 

240 

241 
243 
343 

244 

245 
346 

347 

348 
349 
350 
35 z 

353 
353 

354 

355 



t About. 

■ 

X867. 339, Shrewsbury 8c 

** hinges." 347. On piles. 



Chester Ry. 342. Chesapeake & Ohio Canal. 

354. Covered. Rebuilt about z 350. 



345* Three lead 



443 



APPENDIX. 



TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



MASONRY 



256 

a6i 
^63 



264 
265 



266 
267 
268 
269 

270 
271 

.272 



■a73 



Name. 



Dean 

FleischbrQcke 
Imnau 

Rialto 
Margherxta 

Pont du Jour 



Alcantara Aq. 
Bishop Aukland 
Etherow River 
Blackfriars (old) 

Alcantara 
Wellington 

Rutherglen 



^74 Bister Viad. 
ais G<)lts8h 



276 Lempde 

377I 

278 Montlyon 



270 
280 



Pont au Double 
Guilloti^ 



281 P. de la Concorde 



283 

283G*pe 
^84 Avif^on 



Place. 



EdinbxuiKh, Scotland 

Drome, Prance 
Nuremberg. Bavaria 

Near Imnau 
Charrey, France 
Near Qialonnes, Prance 
Venice, Italy 

Rome. Italy 



Carbonne. France 
Paris, Prance 



Near Lisbon, Portugal 
England 

London England 

Alcantara, Portugal 
Leeds. England 

Bet. Glasgow and Ruther- 
glen, Scotland 

Minneapolis, Minn., U.S.A. 



Over. 



Eyach R. 
Sa6ne R. 
Loire R. 
Grand Canal 

Tiber R. 



Garonne R« 
Seine R. 



Wear R. 
Etherow R. 
Thames R. 

Tagus R. 
Aire R. 

Qyde R. 



Mississippi R. 



Bet. Reichenbach and 

Plauen, Saxon v 
Bet. Reichenbadi and 

Plauen, Saxony 



Rouen. Prance 
Prance 

Paris. Prance 

Lyons. Prance 

Paris. Prance 



Munich. Bavaria 
Vienna, Austria 
Avignon, Prance 



Eistcr R. & V. 
(two tiers) 
Gdltssh R. & V. 
(four tiers) 



Alagnon 
Seine R. 
Durance R. 

Seine R. 

Rhone R. 

Seine R. 

Isar R.( ?) 
Rhone R. 



Date. 



Engineer. 



1831 

1774 
1599 

Z896 

1888 

1864-s 

1588-91 

189X 



1770 
1864 



X73I-7S 
1388 

1760-70 

xoof 
1816-19 

189s 



Telford 

Bouchet 
Caxia 

Liebbrand 
Mocquery 
Morandiere 
Ant. da Ponte 

Vescovali 



Saget 
Bassompierre 



HofikoU 
Robt. Mybie 

Trajan 
Jno. Rennie 

Crouch & Hogg 



CA 

o 

■ 

o 



3 

X 
X 

5 
x7 

X 



X 882-93 Smith 



X 846-50 
X846-5- 



1785 
x8o5 

X847 
X265 

1787-93 



x8i4 

1781 

1x77-87 



Willce 
Wilke(?) 



Mauriaet 

Lamand^ 

Delbetguc-Cor- 

mon 
De 



Ass. des freres 

Dupont 
Penonet 



Wiebeldng 

Vimar 

Beneaet 



3 

5 
3X 

35 

4 
9 

6 

X 

X 

2 



IS 

X 
X 
X 

18 

I 

X 

29 

83 

16 

10 

X 

5 

X 

X 

18 

t 

2 
% 

3 

I 
at 



MaxmiuiB. 

Remarks. — 256. 96'.o arches are under stdewalVs. 257. qo'.o arches axe under xtsadway. 

2 so. Three granite "hmges.** 261. Granite piers on concrete fotmdation. Two tracks. 265. 
Parapets, etc.. Jura marble. 266. H. — 23o'.o. Highest single tier of stone arches in the worid. 
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149 



ARRANGED ACCORDING TO SVhN-^CotUinued). 



ARCHES. 




























^^^ 










8 « 


•** »i 








1 
















M 








1 


Span. 


Rise. 






ii 


to 
R' 


.•2 So 




Material. 


Class of 
Bridge. 


Reference. 


1 

1 






s 


« 


t2 


.030 


^ 


S 






• 


96.0 


16.7 


3.0 




77. s 


41.0 






H.W. 


F. 1853, p. 193 


356 


90.0 


30.0 


3.3 






48.7 


.06a 














♦96.0 


37.7 


6.4 




E 


74. s 


.086 




17. 1 






F. 185a, p. 283 


aS7 


97.0 


13. 


4-0 




P 


80.0 


.050 


53.3 






H.W. 


P. 1896. p. 132; P. 


358 


C-C08.4 


C-C9.8 


1.5 


1.6 


C 


X38.4 


.0x3 


?I3.0 




Beton 


H.W. 


1853 J). 376 
G. •o8,3dTn. 
G. VI, 1896. p. 737 


aS9 


•98.4 


13.3 


3.8 


4.9 


C 


X04.5 


.036 


18. a 


XI. 5 




H.W. 


260 


98.4 


ta4.6 






E 






?26.3 




Limestone 


H.^. 


K. Oct. x8. 1867 


261 


98. 5 


33.0 






P 






64.0 




Marble 


Q. P. X896, p. X33: 
P. 1853, p. 276 


263 


























*99.o 


16.5 


tS.o 


t6.o 


SC 






?67.5 




Reszato & 

travertine 

stone 


H.W. 


R. Jime, 1892, p. 
a6o 


263 


99* X 


40.5 


3-7 




E 


73.5 


.050 


35.6 


33.6 






P. 1853, p. aSo 
K. Feb. 8ft Jan. 35. 


364 


99.3 


31 .3 


5.3 




E 






loi .7 




Stone fro 


m H.W. 


a65 


15.8 


7.9 






C 


7.9 




39.5 




Chiteau 
Haudon 


Ry. 


1867 




•lOO.O 


88.0 






P 












Aqued't 
H.W. 


P. 1896, p. 137 


a66 


100. 


33. 


X.8 


x.8 














I. 


lU 


*ioo.o 


35.0 


4.0 


4.0 


C 


6a. 5 


.064 








H.^. 


I. 


♦lOO.O 


43.0 


S.o 




E 






?45.o 






L. P. X896, p. 136; 


369 
























P. 1853, p. 380 




•100. 


50.0 






C3 


50.0 








Granite 


H.W. 


L. 


370 


100. 


iS.o 


4.0 


7.0 


C 


90.8 


.043 






Brown 
sandstone 


H.W. 


A. 1844, p. X 38 and 
346 


• 

«7i 


100. 


13.6 


4.0 


4.0 


C 


97.6 


.041 












373 


90.0 


II. 7 


4.0 


4.0 




91.4 


.044 


t5o.o 


13.5 


Granite 


H.W. 


Engineer, Aug. 33. 


• 


100. 


39.7 


3.0 










38.0 


7.0- 
14.0 


Limestone 


Ry. 


1805. p. 182 
Jotir. West. Soc. 
Eng. 


»73 


80.0 


40.0 


3.7 






40.0 


.067 










Vol. 8, X903. p. 4a X 




71.4 


15.0 


».7 






















41.0 


13.0 


2.5 






















40.0 


5-3 


a. 7 






















100.3- 








Ca 






36. X 




Brick 


Ry. 


P. z85a, p. 309 


*74 


23. 3 


















mostly 






• ^r 


100.3 




3.7 




C 






?26.r 




Brick 


Ry. 


P. 1853, p. X99 


»7S 


93.9 


46.4 


3.7 




C2 


46.8 


.080 






mostly 




Q. Am. Sup. 


9 «v 


46.8 


33.4 


1.5 




C2 


23.4 


.064 






Rin^ of 








44.6 




1-5 




C 


a3.4 


.064 






bnck 








41.8 




1. 5 




C 


a3.4 


.064 














39.0 




1.5 




C 


83.4 


.064 














XOZ . 3 


3a. 






E 














P. 1853. p. 384 


376 


*ioi .7 


13.7 


4.5 




C 


95. 7 


.047 








H.W. 


H. 


• 

277 


lOX .7 


33.0 






E 


77.8 












P. X853, p. 386 


»78 


ZOX.8 


9.8 


5.3 




C 


136.3 


.039 


53.3 




Millstone 
grit 


H.W. 


J. P. 1853, p. 296 


»79 


103.3- 

a6.a 

ioa.3 


38.4 


3.x 






63.9 


• 034 




34.1 




H.W. 


P. X852, p. 374 


a8o 


2® 


3.7 




C 


148.0 


.oas 


51. 1 


9.6 


Freestone 


H.W. 


J. P. X853, p. 384 


^81 


9a -7 

83.1 


8.7 


3.4 






127.5 


.027 














6.4 


3.3 






138.3 


.023 














ioa.3 


17.1 


4-3 




C 


8a. 5 


.050 


43.6 


9.6 


Freestone 


H.W. 


J. P. 185a, p. 288 
F. 185a, p. 284 


383 


X03.7 


38.3 


5. a 




C 


57.4 


.090 


35.6 








383 


*103.9 


SI. 5 a. 4 1 




C2 


51. 5 


.047 


15-4 


32.8 


Freestone 


H.W. 


J. L. P. 1896. 


384 


1 1 






1 1 








P. 1852, p. 374 





t About. 

369. Replaced by cast iron, 1865. 370. H. — 310'.o. 371. Coffer-dams employed. 373. Min- 

neapolis Union Ky. Two tracks. 374. Saxony-Bavaria. 375. Saxony-Bavaria. H.* 

364 .0 384. In rums. 



»So 



APPENDIX. 



TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



BIASONRY 



I 

>8S 



a86 
«87 



a88 
a89 



990 

>93 
994 
995 
996 

997 

998 

999 

300 

30 X 

309 
303 

304 
305 

306 
307 

308 



309 
310 

311 
31a 
313 
314 
3x5 



Name. 



Herault 



Wiasahickoo 



Potomac Aq. 
Ponthaut 



LodiSt. 



ad Worocht* 



Grand-Mattre 

Cresheim 

Napoleon 
TonjTueland 



Waterloo (new) 
Devil's Br. 
Tetea 

Vingeamie Val. 
Maidenhead 



Place. 



Port de Piles, Fnmce 



Route of Nice. Prance 
Prague, Bohemia 



Marbach, Germany 
Philadelphia. Pa., U.S.A. 



Washington, D. C. U.S.A. 

Germany 

Orleans France 

Hartford. Conn., U. S. A. 
Baiersbronn, Germany 
Wurtembera, Germany 
Winstone, England 
Sault, France 

Elyria, Ohio. U.S.A. . 

Toulouse, France 

Worochta, Austria 

St. Esprit, France 

Nantes. France 
Mantes; France 

Fontainebleau, France 

Fahtnont Park. Philadel- 
phia, Penn., U.S.A. 

Paris, Prance 

Near Kirkendbright, Scot- 
land 

Hartford, Conn.. U.S.A. 



London. Englaad 

Near Lucca, Italy 

Prance 

Bourbonnais, France 
Near Oisilly. France 
Rumilly. France 
Maidenhead. England 



Over. 



Creiaae R. 



Herault R.(?) 
Moldau R. 



Murr R. 

Wissahickon Cric. 



Potomac R. 
Bonne R. 
Loire R. 

Connecticut R. 
Muig. R. 
NagoM R. 
Tees R. 
Rhone R. Br. 

W. Br. Black R. 

Garonne R. 

Pruth R. 

Rhone R. 

Loire R. 
Seine R. 

Fontainebleau V. 

Cresheim Crk. 

Dee R. 
Connecticut, R. 



Thames R. 

Serchio R. 

Durance R. 

Vingeanne Val. 
Cheran R. 
Thames R. 



Date. 



1846-47 



X878 



1887 
X897 



1793 
1750-60 

1903 
1889 
x889 
1763 
1895-97 

x804 
1543-1639 

1899-93 

1965-1309 

1757-65 
1869 
Z899 



Engineer. 



Bayeux 



Grangent 
Reiter 



Leibbrand 
Oen. Thayer 



Hupeau 

Graves 
Leibbrand 

Robinson 
Montltiisant 

Jackson and 

Bunce 
Souflron 

Huss 

Ass. des fr^s 
Dupont 



Hupeau 

Belgrand 

Webster 



Ma 



1806 Telford 



1904- 



X817 

xooot 

173a 



178s 
1839-38 



Graves 



I 

o 
2; 



Rennie 



Hanriana 
Vaudray 

Garella 
Brunei 



3 

I 

X 

a 

a 
a 

X 

1 



7 

z 

9 

I 

I 
z . 

z 

9 
Z 

7 

19 
19 



3 

2X 

Z 

ny 



t 
6 

z 

1 
z 
» 
z 



7 
z 
6 



* Maximum. 



Rbmarks. — a85; Tours- Bordeaux. Two tracks. a88. Three lead^ ' hin^s. a8o- Skew 



69* a6'. Ten 4' .ribs. 
999. Stone trimmings. 



293. See No. 308. 294. Three lead "hinges. * Cost 33.800 f. 

300. Austrian State Ry. 301. Small arches in pien. 304. Paria 



/fPPENDIX. 



ARRANGED ACCORDING TO SPAN— (Con/»»««0. 



ARCHES. 



iS^ 







•zsi 










2S 


"Z to 
^ ^ c 










span. 


Rise. 


« 5 *» 


.|4 
< 


• 

U 
E 


Radius at 
Crown. 


to 
R' 

.060 


Width. Fi 
to Pace 
Crown. 


Thicknesi 
Piers at 
Spring! 


Material. 


Class of 
Bridge. 


Refetence. 


1 


103.8 


40.5 


4.3 


4-3 


70.8 


30.0 


19. 2 


Freestone 


Ry. 


C. 1851-52; J. P. 


38s 
























1852 p. 276 




9S.4 






















F. 185a. p. 294 




X04.4 


15.4 


a. 7 




C 


90.5 


.029 


22.4 








F. 1853. p. 280 


386 


105.0 


16. a 


4.0 


5-3 








39.8 


X3.1 


Granite 


H.W. 


K. May xo,x878.p. 


a8» 


99.8 


15-3 




















359 




94-5 


14-5 
























893 


13.7 
























105.0 


10.2 


3.9 


4-9 


C 


140.2 


.028 


18.4 






H.W. 


G. 1891. X. p. 93a 


388 


X05.0 


11. 


3.0 


4.5 


C(?) 


X18.1 


.035 


?35.o 




Couaho- 

hocken 

stone 


H.W. 


B. Sept. 9.x 897. p. 
16a 


7^ 


♦105.0 
XOO.3 




















Aqued't 


A.x837.8,p. 148 


t90i 


^3i 
a6.8 


5.7 




C2 


53.1 


.108 


39.5 








P. 1853. p. 384 


39 X 


106.5- 


u 






83.9 


.083 


49.0 


19.2- 




H.W. 


L. P. 1852. p. 276 


293: 


98.0 


16.0 












18. 1 










106.0 


27.0 






E 








ti8.o 


Granite 


H.W. 


N. Dec. 36, 1903 


393. 


108. a 


10.8 


2.0 


a. 6 








ax. 7? 






H.W. 


G. ist Tri., 1901 


394 . 


106.8 


10.8 


3-3 


5.3 








ti6.4 






H.W. 


G. 1891. x, p. 903 


295. 


X06.8 






















L. 


296* 


XII. 5 


3X-9 


4.6 




E 


1x4.2 


-057 


33.0 


22.2 






P. 1853, p. 388 


397 


91. 8 


29.5 


4-3 




E 


8x.o 


.037 














xxa.o 


19. S 


3-5 


4.3 








38.0 




Elyria 
sandstone 


H.W. 


C. H. Snow, City 
Engineer. Elyria, 0. 


298- 


1x3.0- 


38.4 


3.7 






76.8 


.049 


64.0 


26.6 


Brick 


H.W. 


P. 1853, p. 276 


299* 


44-8 


























1X3-5- 


56.8 


4.3 


6.7 


Ca 


56.8 


.076 


14.7 






Ry. 


B. Dec. 7. 1893. p. 


300 


3a. 8 






















448 




X14. I- 
81.0 

115 • a 


44.8 


5-9 




C 


70.4 


.084 


17.6 


27.8 




H.W. 


P. 1852, p. 274 


30 1 


34-4 


6-4 




1 _ 














9- 


30 a- 


•115.4 


34.0 


6.4 




E 












H.W. 


I. 


30$ 


115.8 


19.3 
















Beton 


Aqued't 


K. Oct. x869,p. 275 


304. 


t4a.5 


























116.0 


21.2 


3.5 


4-5 








10.0 




Buff 
sandstone 


Sewer 


B. Aug. 31. 1893. p. 
170 


305 


116.0 


14. 8 


4.0 
















H.^. 


I. 


306 


118. 


38.0 


3.6 




C 


64.8 


.056 


24.0 






L. P. X852, p. 286 


307 


Small 


























68.0 


21. X 












102.0 


15.0- 
40.0 


Granite 


H.W. and 
El. Ry. 


T. Feb. 19, X904,p. 


30& 


74.0 


22.9 




















N. Dec. 26, 1903 




81.0 


25.x 




















N. Dec. 31, 1904. p. 




X08.0 


27.0 




















765 




115. 


28.8 
























X19.0 


29.8 
























xao.c 


34.6 


4.5 


TO.O 


B 






44.0 


30. 


Granite 


H.W. 


S. K.Feb. 22, 1895. 
p. 236: P. 1852 


30»^ 


iao.5 


60.3 


t4.5 




C2 


60.3 


.074 


12.0 




Limestone 
sandstone 


H.W. 


C. 


310 


ia3.6 


61.8 


4.7 




C7 


61.8 


.065 


15.9 






H.W. 


P. 1852, p. 278 


311 


ia4.o 


6.9 


2.7 


3-6 


C 


355-7 


.010 






Granite 


Ry. 


I. 


3i» 


127.0 


46.0 






I 






?X4.o 






H.^. 


B. Dec. 7. 1893 


3»3 


187.6 


63.8 


5.3 




63-8 


.086 


a3-S 




Freestone 


J. P. 1852, p. 284 
P. W*ks.G.B„'46. 


3>4 


1 28 . 0- 


343 


5 3 


7-5 


E 


169.0 


.031 


?36.o 


Brick 


Ry. 


315 


21 .0 








1 




1 






K. Oct. 25, 1895 





t About. 

water-supply. 308. Pneumatic foundations. Cost (est.) $1,600,000. 
arches. 313. E. Ry. of Prance. 315. Great W. Ry. 



310. Pour small side 



'52 



APPENDIX. 



TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 













MASONRY 


i 


Name. 


Place. 


Over. 


Date. 

1 


Engineer. 


• 

g. 

CO 


J 














• 



2 


Ji6 




Neuilly, Prance 


Seine R. 


1768-74 'Perronct 


5 


JX7 
Ji8 


Bcho Br. 


Mantes, France 

Newton Upper Falls, Mass. 


Seine R. 
Charles R. 


1757-65 Hupeau under 
Perronet 
1876 Fitzgerald 


I 

a 
I 


jai 
jaa 


North Ave. 


U.S.A. 
Blyria, Ohio 
Aberdeen, Scotland 
Wan Hsien. China 
Baltimore, Md.. U.S.A. 


Black R. 
Den Bum Rill 

Gorge-Jones'F'lls 


1801 + 
1893-95 


Telford 
Smith 


I 

4 
I 

I 

X 

3 


333 


zst Worochta 


Worochta, Austria 


Pruth R. 


1892-93 Huss 

} • 


T 

6 


334 


Boucicault 


Verjux, France 


Sa6ne R. 


1888-90 


Jozou 


X 

5 


335 


Moiet Viad. 


Moret, France 


Loing Val. 


1847-49 \ 


a 


3a6 




Scrivia, Italy 


Scrivia R. 


1850 + 


Ranco 


30 

I 


337 
338 

339 

330 
331 


St. Martin 

Vizille 
Waldi-Tobcl 


Toledo. Spain 
Villeneuve, France 
Near Grenoble. France 
Near Bludenz, Austria 
Verdun, France 


Tagus R. 
Lot R. 

Romanche R. 
Gorge 
Doubs R. 


1 303 

1766 

1884 

1895-97 


Bouchet 

Huss 

Jozon 


5 

4 
I 

I 

I 


J32 Castalet 

J33 Albula R. Viad. 


Sales 


Al, R. Gorge 


1903 


Sejoumd 


a 


334 


Br. C33 


Bellows Falls, Vt., U.S.A. 


Connecticut R. 


1899 


Cheever 


a 


335 
337 


St. Sauveur 

Pont-y-tu-prydd 

Alma 


France 

Nr. Newbridge, S. Wales. 

Paris, France 


TaffR. 
Seine R. 


I7SS 
1855 


Edwards 
Darcel 




338 




Near Nami, Italy 




Bet. 27 
B.C.-14A.D 






339 


Putney Road 


Putney, England 


Thames R. 


ti882 


Bazalgette 




340 
341 


Outer Maximilian 
Verone 


Munich, Bavaria 

Near Vieux-Cbiteau, Italy 


Isar R. 
Adige R. 


1904 
1354 


Under Scala 




54a 




Moulins, France 


Allier R. 


1705-1710 


Mansard 




343 


Pont-du-C^t 


Near Perpignan, France 


Tech R. 


1336 






344 




Turin, Italy 


Dora Riparia R. 


1834 


Mosca 


z 



* Maximum. 

Rbmarks. — 316. In design R. -* 1 6o'.o. 317. Destroyed in "War 1870. 318. Sudbury Aque- 
duct for Boston. H.-»79'.o. 331. Slightly pointed. 333. Skew 5 5**. Ribbed. 333. Austrian. 
■State Ry. 334. Radius at spr. — 75'- 5. Paris-Lyon. T*wo tracks. Approach to metal spans crossings 
river. Curve about o** 5a'. 330. H. -•i65'.o. Slight curve. 331' Sxtrados arc of circle i44'.3. 



APPENDIX. 



15s 



ARRANGED ACCORDING TO SPAN— (C£m<*n««i). 
ARCHES. 







• 
•4M ^S 






1 
1 




idth, Pace 
to Pace at 
Crown. 


•" .A 










Span. 


Rise. 


Thickness 
Arch Rini 
at Crown 


t Spring- 
ing, te. 


• 

I 

•4 


sidius at 
Crown. 


to 
R' 


^ 

O'J* ft 


Material. 


Class of 
Bridge. 


Reference. 


1 

3 






< 


6_ 

E 


^ 




^ 


S 








2 


•128.2 


32.0 


5.3 




250.0 


.091 


47-9 


14.0 


Preestone 


H.W. 


L. J. P. 1896; P. 


31^ 






















1859. p. 280 




128.9 


38. s 


6.4 




C 


89.5 .071 


35.6 


25.6 




H.W. 


L. V. July 17. 1897 


317 


xi5<4 


34.9 


















P. 1852, p. 976 
Boston Water Wks 




129.0 


43.3 


5.0 


6.0 




67.5 .074 


18.0 




Gnmite 


H.W. 


31S 


34.0 








C 












Aqtied't 


Fitzgerald 
A. Pteley 




37 -o 


i8.5 






C2 


18.5 














37 


14.0 












27.0 








See No. 298. 


319 


129.0 


29.0 






c 






430 




Granite 


H.W. 


L. p. 477 


330 


130.0 


65.0 






C2 












H.W. 


B. June 19. 1909 


331 


13C.0 


26.0 


5.0 


8.4 


E 






xoo.o 


16.0 


BrickRing 


H.W.& 


B. July6, i893.p.7 


332 


131-3 


33.8 


4.6 


7.2 








14.7 






Ry. 


B. Dec. 7. 1893. p. 


323 


36. 1 
26.2 






















448 




131. 2 


16.4 


3.4 


t4.9 


E 


177.0 


.019 


?26.0 




ViUebois 
stone 


H.W. 


B. May 18, 1893 
G. 1892, p. 445 ; P. 
„ 1893, p. so 


324 


1^1.2 


16.4 


2.6 






139.4 


.019 


29.5 


8.2 




Ry. 


P. 1859, p. 117 


335 


3a. 8 


16.4 








16.4 
















131. 2 


43.7 


5-9 




E 


86.9 


.068 






Brick 


Ry., Turin 
to Genoa 


F. 1852, p. 296 


336 


♦132.0 








P 












H.W. 


P. 1896, p. 130 


337 


♦132.6 


66.3 


5-3 




C2 


66.3 


.080 


19.6 






H.W. 


P. i8S3, p. 3*6 
P. 1852, p. 280 


33a 


133. 8 


t38.2 


7-7 




E 


115.0 


.067 


33.3 








329 


134.5 


42.6 


5.6 


10.2 












— 


H.^. 


G. 1888, p. 575 


330 


134s 


30.1 


3.9 




Ei 






19.7 


13. 1 


Limestone 


G. 1897. 4*. p. 179 


331 


126.3 


27.9 


3.9 






















J 34 -5 






















B. Feb. 27, 1902 


33* 


137.8 














8.5 






Ry. 


Engineer. April 8 
and liar. 4, 1904. 


333 


•98.4 






















pp. 228 and 355 
B. June 21, 1900, p. 
402, and Blues 




Z40.0 


20.0 


4.0 


4.0 


C 


132.6 


.030 


97.0 






Ry. 


334 


























140.0 






' 
















P. 1896, p. 140 


335 


Z40.0 


35.0 


I'ff' 




C 






15.8 




Freestone 


H.W. 


Q. L. 

O.J. 


33^ 


141.4 


28.2 


4.9 












16.4 


Millstone 


H.W. 


337 




















grit 








126.0 


25.2 


4.9 


















A. 1856, p. 376 




142.0 




















H.W. 


L. 


33& 


13S.O 


























114.0 


























75.0 
144.0 


19.3 


4.5 


5.5 




144.0 


.031 


47.0 


18.0 


Granite 


H.W. 


K. May 17, 189s 


339 


X29.0 


16.3 


4.3 


5.3 




136.0 


.039 




and 


ring 




K. July 23, 1886. 




1X2. 


13.0 


4.3 


5.3 




127.0 


.033 




19.0 






p. 8s 




J44.3 














7t.5 


20.9 


Lunestone 


H.W. 


B. Oct. 27, 1904 


340 


146.0 


35. 8 


53 




C 


90.5 


.059 


29.4 


36.2 


Preestone 


H.W. 


J. P. i85», p. 274 


341 


87.4 


21.3 














and 










Z^ 


17.1 














22.4 










147.1 
















36.2 






P. 1852, p. 276 


34 ^ 


115. 1 


























147. 6 


73.8 


4.6 


13. X 


C2 


73.8 


.062 


12.8 






H.W. 


B. Dec. 7, 1893 
P. 1852. p. 274 


343 


148.0 


18.0 


4.9 




C 


160.0 


.031 


40.0 




Granite 


H.W. 


I. U. 1846, p. 27; 
P. 1852, p. 290 


344 



t About. 

and 1 50 '.9 radius. 333. Thusis-Engandine. H. — 282'. ^^5. H. = 2is'.o. 337. Rubble, grouted. 
Foundation on piles. 338. Probably the most xnognincent bridge built by the Romans in 
Italy. 340. Three metal hinges. ^ Failed by hinges slipping, June 27, 1904. 342. Failed 

1710. 343. Mostly brick. Stone ring. 
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APPENDIX. 



TABLE IL— DATA FOR ABOUT 500 ARCH BRIDGES 



MASONRY 






J45 
J46 

-347 
348 
349 
-3SO 
351 

352 



353 
354 

355 

356 

357 

358 
350 

361 

36a 

363 

364 

365 
366 

367 
368 

369 
370 

371 

37 a 
373 

374 
375 



Name. 



Bellefield 
Claix 

Gloucester 
Vieille Brioud* 
LondoL 

Jamxna 



Main St 
fTync 

\ Wear Viad. 
(.Victoria 



Nydeck 



Antoinette 
Ballochmoyle 

VieiUe Brioude 



Gour Noir 



Gto8venor 
Lavaur 



Cabin John 

Tresso 

Plauen 



Place. 



Nr. Kleinwolmsdorff , Sax. 
Pittsburgh, Penn., U.S.A. 

Near Grenoble, France 
Elyria. Ohio. U.S.A. 
Gloucester, England 
Berne, Switzerland 
Brioude, Prance 

London, England 



Near Toumon 
Jamma, Austria 

Wheeling. W. Va^ U.S.A. 
Near Newcastle, Bng. 
Sunderland 
Low Lambton 

Giguac, Prance 

Near Lavaur. France 
Berne, Switzerland 



Near Ballochmoyle, Scot. 

Brioude. Prance 

Near Coppel. Germany 

4 k. from Uzerche, Prance 

Turin, Italy 
Chester. England 
Near Lava\ir. Prance 

Bogenhatisen, Bavaria 

Germany 

Jaremcze, Austria 

Washington. D. C, U.S.A. 

Italy 

Near Trezzo, Italy 

Luxemburg, Germany 
Plauen, Saxony 



Over. 



Roeder R. 

St. Pierre Hollow 

Drac R. 
Black R. 
Severn R. 
Aar R. 
Allier R. 

Thames R. 



.} 



Doux R. 
Pruth R. 

Wheeling Crk. 
Tyne R. 
Wear R. 
WearR &Val 

Heratdt R. 

Agout R. 
Aar R. 



Ayr R. 

Allier R. 

Schwaendenholz 
Ravine & Brook 
V^^R. 

Dora Riparia R. 
Dee R. 
Agout R. 

IsarR. 

Gutach R. 

Pruth R. 

Cabin John Crk. 

Adda R. 
Adda R. 

Petrusse R 
Valley 



Date. 



1896- 

i6it 
1886 

1827 
tiao4 

1454 
i8ai-30 



1 545 
1892-3 

xSga 



1777-93 

1775 
1840-44 



1901 
1 888-0 

1833 

1832-3 

1888 

1901-02 

T90X 

i89a-3 

1857-64 

1903 
1380 

1899-03 
1905 



Engineer. 



Rust 



FGnney 
Telford 

Greiner and Es- 

tone 
Rennie 



Huss 

Hoge & White 

Garipuy 

Saget 
Mailer 



Sejoume 
MiUar 

Romans 



Daigrement 

Hartley 
Hartley 
Sejoum^ 

Fischer, Archt. 



Huss 



Meigs 



Under Bamabo 

Visconti 
Sejoum^ 
Leibold 



ca. 

C/4 



• Maximum. 

Rbmasks. — 345. Saxony-Silesia. Cut-stone ring. 348. Rock foundation. 350. First stone 
^Midge over Aar near Nydeck castle. 353- Rock foundation. 354. Austrian State Ry. ^6. 
iDurham June. Ry. H.=-x5t' about. 358. H. says five arches. 361. Glasgow and S. W. Ry. 
36a. Fell i8aa. See No. 351. 363. On curve i?- 2660'. Clear H.- 134 -S- 364. Limoges-Bnve. 



APPENDIX. 



X5S 



ARRANGED ACCORDING TO SPAN— (Con/mt«frf). 



ARCHES. 







•M fcfl-* 










idth. Pace 
to Pace at 
Crown. 


U4 










Span. 


Rise. 


Thickness 
Arch Rin 
at Crown 


t Spring- 
ing; te. 


■ 


Euliusat 
Crown. 


to 


lickness 
Piers at 
Springing 


Material. 

« 


Class of 
Bridge. 


Reference* 


1 






< 



C 


^ 


.070 


^ 


P 








148.6 


49.5 


5-6 




80. z 


t26.o 






H.^. 


P. Z852, p. 394 


345 


150.0 


36.6 


4-0 


6.0 








82.0 




Gray 


B. June 22, z899,p. 


346 




















sandstone 




391 




150.3 


54.4 


3. a 




C 


82.0 


.039 


ao.2 






H.W. 


H, P. z85a, p. 376 


347 


zso.o 


27.0 


3-8 


4.5 


c 


117.6 


.032 


28.0 




Sandstone 


H.W. 


B. Bflay 31. 1890 


348 


150.0 


54.0 


4.5 




E 


iSa-4 


.039 


a?. 4 






H.W. 


H, P. z8s3, p. 290 


349 


150.5 




















H.W. 


B. Dec. Z9, 1895 


350 


150.9 


75.5 


4.3 




C2 


75-5 


.057 


a4-7 






H.W. 


A. Z844, p. 247; P. 
Z852, p. 274 


351 


152.0 


37.7 


4.8 


JO.O 


£3 


163.0 


.029 


56-1 


24.0 


Granite ' 


H.W. 


A. X847, p. Z06 


35a 


K40.0 




4.6 


■ 9.0 










-22.0 






P. Z852, p. 290 




130.0 




4.5 


8.5 
















P. 1896, p. 128 




156.7 


65.0 


2.8 




C 


78.9 


.035 


z6.o 






H.W. 


J. P. z8s2, p. 376 
B. Dec. 7. 1893, p. 


353 


157.4 




5.6 


8.5 


C 






14.7 






Ry. 


354 


395 






















« '♦^^ 




IS9.0 


a8.4 


4-5 


6.0 


C 


ia5.4 


.036 


48.0 






H.W. 


Blues 


355 


159. 


79.9 


4.6 


4.6 


C2 


79-9 


.058 


35.8 


21. C 


Soft 


Ry. 


P. x85a, p. 178 




144 c 


73.0 


4.6 


4.6 


Ca 


73.0 


.064 




23.8& 


Sandstone 




A. z837-38,p.S7 


356 


99.8 


49-9 


4.6 


4-6 


C2 


49.9 


.092 




a«-5 


li miles 




C. Z855-56 




ao.3 


10. 1 
















from Br. 








z6o.o 


44-0 


6.5 




E 


117. 7 


.055 




25.6 


Freestone 


H.W. 


H.J. P. 1852. p. 284 


357 


83.1 


41.6 


6.5 




C7 


41 .6 


.156 














X60.5 


65.0 


6.3 




E 


103.4 


.095 


38.4 






H.W. 


H. P. z8s3, p. 282 

0. Nov. (J)7, p. 382 

B. Dec. 19. Z895 


358 


•160.7 














39.8 






H.W. 


359 


164.0 






















P. x8<2, p. 294 
B. Feb. 27, 1902 


360 


180.0 


90.0 


6.0? 


6.0? 


Ci 


90.0 


.067 


a8.o 






Ry. 


C. Z85Z-53 


361 


50.0 


35.0 


4-5 






35.0 


.180 














183.7 


t6o.o 


5.3 




C 


91.8 


.058 


z6.o 




Volcanic 
rock 


H.W. 


A. June, 44. p. a47 


363 


187.0 


55.8 


5.9 


8.5 








X4.4 




Sandstone 


Ry. 


B. Dec. 26, i9oz,p. 
487 


363 


196.8 


52.8 


5.6 


13.8 


C 


118. X 


.047 






Granite 

ring 


Ry. 


G. 189a, p. 545 


364 


aoo.o 


43.0 


4.0 




C 


140.0 


.028 








H.W. 


H. p. 335 

A. G. June, 189Z; 

B.Oct.^9x»Dec.7;93 


365 


300. 


42.0 


4.5 


7.0 


C 


140.0 


.032 


35-5 




Sandstone 


H.W. 


366 
























367 


aoi.7 


90.2 


















H.^. 


R. 1889. p. 584 




c.-c. 


c.-c. 












60.6 




Limestone 


N. Oct. 4, Z903 


368 


309.9 


ai.4 


3-4 


















B. Sept. x8, 1903 




210.0 


5>.5 


6.6 


9.2 








13.7 




Sandstone 


Ry. 


B. Jan. 18, 1903 
B. Dec. 36, 190X 


369 


ax3.o 


59.0 


6.9 


X0.2 








M.7 






Ry. 


B. Dec. 7, 1893, 


370 


39-4 
36. 3 






















p. 447 




330.0 


57.3 


4. a 


6.2 


C 


X34-3 


.031 


20.3 




Granite 


Aq. and 
H.W. 


K. April X9, X867; 


371 


t230.0 




4.9 


7. a 


hS 


246.0 


.020 


17-3 




rizig 
Granite 


N. July 39, Z899 
N. Oct. 17, Z903 


37a 


351.0 


87.8 


4.0 


4.0 


133.6 


.030 








B. Dec. 7, 1893: 


373 
























C. 1855 




377-7 


101.7 


4.7 


7.1 








18. z 






H.W. 


B. Feb. 37.X903 


374 


395-3 


56.4 


4.9 


6.6 




344.5 


.044 


58-5 




Hard slate 


H.W. 


B. Aug. z7, X905. 


375 


43-3 


15.6 




















p. zs6 





t About. 

366. P. 1853, p. 390. Lead in ring joints i span from abutment. 367. Rough stone in cement. 
368. Three metal hmges backed witngranite. Five lateral arches in each spandrel. 369. Lateml 
arches. Max. H. — izz'.s. 373. Tnree-hinged for D. L. Fixed for L.L. 373. Destroyed 14x6^ 
374. Twin arches 19^.4 apart. 375* Longest stone arch in the world. 



IS6 



APPENDIX. 



TABLE II.— DATA FOR ABOUT 600 ARCH BRIDGES 



PLAIN CON 



i 

2; 


Name. 


Place. 

• 


Over. 


Date. 


Engineer. 


• 

« 

1 

• 




I 


Fem St. 


W. Hartford, Conn., U.S. A 


Trout Brook 


1902-3 


Crawford 


I 


3 


Casey R. 


Las Bflarias, Porto Rico 


Casey R. 


i899( ?) 


Buel 


I 


3 


Bridge No. 41 


Sharpsville, Penn.. U.S A. 


Pine Run 


1900 


Geer 


I 


4 




Qieltenham, Mo., U.S.A. 


Des Peres R. 


1904( ?) 
i899( ?) 


Purdon 


3 


5 




Bet. Manati and Aales, 


Quebrada R.(?) 


Buel 


X 






Porto Rico 










6 




Mansfield, Ohio, U.S.A. 




1904( ?) 


Keith 


X 


7 




Bet. Santiago and El 
Caney, Cuba 


San Jxian R. 


1902 


Rockenbach 


a 


8 


Cannington Viad. 


Canni igton, England 




1900-02 


Pain 


10 


9 


Ewarton Br. 


Jamaica, W. I. 
Scotland 


Ravine 


1881-82 


BeU 


4 


lO 


Lochnanuamh Viad. 




i890t 


Simpson and 
Wilson 


& 


II 




Scotland 


Amabol Bum 


i890t 


Simpson and 
Wilson 


6 


12 


Finnan Viad. 


Scotland 


Finnan Valley 


x899t 


Simpson and 
Witeon 


21 


13 




Washington, D.C., U.S.A. 


Broad Branch 


1901 


Douglas 




14 




Northampton, Pa., U.S.A. 


Hokendauqua Crk. 
and Highway 


1900 


Thompson 




IS 




Ad juntas, Porto Rico 


Small stream 


i899(?) 


Buel 




i6 




Salt River^ Ari«., U.S.A. 


Dam spillway 


1905- 






17 


Bridge No. 249 


W. of Cincmnati, O., 
U.S. A 


Tanner's Crk. 


1903-4 


Kittridge 




i8 




Thebes, IU.,U.S.A. 


Bank of Missis- 
sippi R. 


1902 


Noble and Mo- 
jeski 


IX 


19 




Concord, Mass., U.S.A. 


Assabet R. 


X901 


Worcester 




ao 


Bridge No. 163 


W.of Cincinnati, O., U.S.A. 


Tanner's Crk. 


1903-04 


Kittridge 




21 




Ehingen, Wurtemberg 


Danube R. 


1898 






22 


Ashtabula Br. 


Ashtabula, Ohio, U.S.A. 


Ashtabula R. 


1904 


Beckwith 




a3 




Near Rechtenstein, Wur- 
temberg 


Danube R. 


1893 


Braun 




34 




Piano, 111., U.S.A. 


Biff Rock Crk. 
S. Leandro Crk. 


1903-4 


Breckenridge 




35 




Near San Leandro, Cal., 


1901 


County Sur- 






. 


U.S.A. 






veyor 




26 


St. Ana Viad. 


Riverside. Cal., U.S.A. 


Santa Ana R. 


1902-04 


Hawgood 




a7 


Morar Viad. 


Scotland 


Morar R.&H.W. 


1898-9 


Simpson and 
Wilson 




28 




Near Imnau, Germany 


Eyach R. 


i8q6 


Leibbrand 




29 




Pittsburg, Penn., U.S.A. 


Silver Lake 


1905 


Brown 




30 




Near Tarvis, Austria 


Schlitza R. 


ti903 






31 




Thebes, 111.. U.S A. 


Bank of Missis- 
sippi R. 


1902 


Noble and Mo- 
jcski 




3a 




Near Mechanicsville, N. Y.» 
U.S.A. 


Anthony Kill . 









* Maximum. 

Remarks. — i. Cost $4050. 3. Skew, is® o'. Penn. Ry. 4. i;6 "chats." St. L. & S. P. 
Ry. 6. Three cast-iron hinges. ?• Contract price, $31,000. 9. On curve , 1 980' /?. Jamaica 
Govt. Rys. 12. On curve 1200' R. L— 1248'; H. — 100'. 13. Pebble-faced. Cost S4159.17. 
14. Three tracks. C. R.R. of N. J. Ex. metal used in radial planes. 15. 1600' above sea-level. 
16. Very flat arches; about 1 2" fill over key. 17. "Big 4" Ry., Chicago Div. 18. Approach to 
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ARRANGED ACCORDING TO SPAN— (Con^»n««i). 



CRBTB ARCHES. 



Span. 


Rise. 


Thickness at 
Crown. 


At Spring- 
ing. 


• 


Radius at 
Crown. 




to 

T 


Width. Face 
to Pace at 
Crown. 


Thickness of 
Piers at 
Springing. 


Class of 
Bridge. 


Reference. 




36. 


5.0 


a.o 


a.o 




19.5 


3.0 


.103 










I 


xo.o 


30 


1.3 


1.3 




5-5 


1.3 


.336 


t3o.o 


4.0 


H.W, 


N. Ainil 35, 1903 




30.0 


iS.o 


a.S 




C3 


15.6 


a. 5 


.167 






H.W. 


Cem., Jan. 1903 


3 


30.0 


15.0 


3.S 


3.5 


C2 


15.0 


as 


.167 


75-5 




Ry. 


T. Nov. 16. 1900 


3 


36.0 


18.0 






C2 


z8.o 






87.0 


5. a 


H.^. 


B. Nov. 3, 1904 


4 


39-4 


9.8 


1.6 








1.6 








Cem., Jan. 1903, p. 


5 


40.0 


7.5 


.7 


.8 






.7 




40.0 




H.W. 


N. Feb. 18, 1905 


6 


40.0 


II .5 


i.S 






30.0 


I.S 


.050 


ao.o 


8.0 


H.W. 


B. Jun. 13, 1903. p. 


7 


50.0 


16.0 


2.5 


a. 5 


E 




a. 5 




16.0 




Light Ry. 


-, _ 549 

N. Oct. 31, 190^ 


8 


50.0 


aa.a 


3.0 


3.0 




35.3 


3.0 


.079 


16.0 


6.0 


5y- 


B. July 37, 1893 
B. Feb. 9, 1899, p. 


9 


50.0 




















Ry. 


10 
























« «*s 




50.0 




















Ry. 


B. Feb 9t 1899, p. 
*5 


II 


50.0 


35.0 


• S 




Ca 


95.0 


2.S 


.100 




6.0 


Ry. 


B. Feb. 9t 1899* p. 
85 


13 


50.3 


t7.o 


ti.8 


t6.o 






ti.8 




36.0 




H.W. 




13 


SI. 8 


13.5 


3.5 






31. S 


^.:l 


.IZZ 


43.0 




Ry. 


N. Jun. 8, 1901, p. 


14 


34.0 


II. 3 


3.8 






38. 


.100 








Cem., Jan. 1903 




55.0 


II. 


1.5 




E 




1.5 








H.W. 


15 


59.0 




tx.5 








1.5 




10.3 


6-5 


H.W. 


N. Oct. 14, 1905 


16 


60.0 


36.0 


3.7 




C 




3.7 




t33.o 


9.3 


Ry. 


N. lular. 5, 1904, p. 


17 


40.0 


30. 


3.3 




Cj 


30.0 


3.3 


.115 








^ , *9a 




65.0 


3a. s 


3.3 




C2 


3a.5 


3.3 


.I03 


38.0 


13. 


Ry.. 


T. Jan. 9, 03, p. 31 ; 
B. Nov. 30, 1903 


18 


























66.0 


II .0 






E 








t35.0 




H.W. 


Municip. Engineer- 
ring, March, 1903 


19 


68.0 


17.0 


3.5 


6.0 


5? 


64.0 


3.5 


.055 


33.0 


^9>S 


H.^. 


N. Mar. 5. 1904 


30 


69.0 




3.3 


3.0 


C 




3.3 




34.6 


6.6 


B. Jan. 9, 1903, p. 


31 


66.0 


7.3 




















35 




74.0 


37.0 


t6.5 




Ci 


37.0 


6.5 


.176 


145.0 


• 


Ry. 


T. Jan. 37, 1905 


33 


74.4 


8.3 


3.1 








3.1 










Y. 1898 


23 


7SO 


• 


3.0 






43.0 


3.0 


.070 


44 




H.^. 


N. Jan. 3, '04. p. 18 


84 


81.3 


36. 


3.0 


'5'- 


5C 


6x.S 


3.0 


.048 


tso.o 




B. Aug. 37. 1903, p. 


as 








ao' 
















174 




86. c 


43.0 


3.5 




c 


43.5 


3-5 


.o8z 






Ry. 


N. Sept. 9, 190s, p. 


36 


38. 5 






















„ „'84 




90.0 


34.0 


3.0 








3.0 








Ry. 


B. Feb. 9. 1899. p. 
8s 


27 


50.0 


























30. 


























98.4 


9.8 


1.5 


1.6 






I.S 




8.3 




H.W. 


0. a Tri., 1898 


38 


xoo.o 


50.0 


4.0 


4.0 


C2 


50.0 


4.0 


.080 


54. 


13. 


Ry. 


N. May 6, .1905, p. 


39 


80.0 


40.0 


3.6 


3.6 




40.0 


3.5 


.088 








5a8 




zoo.o 


lO.O 


a. 3 


a-3 














H.W. 


Engineer. April 33, 
1904. p. 424 


30 


zoo.o 


50.0 


4.5 




C2 


50.0 


4.5 


.090 


38.0 




Ry. 


T. Tan.9,*a2,p. 31; 
B. Nov. 30, 1903 


31 


























100.0 




















El. Ry. 


B. Nov. 5, 1903, p. 
408 


3a 


50.0 



























t About. 



30. 



••Big 4" Ry., Chicago Div. 
33. Three lead "hinges." 



Thebes Bridge. 

Four tracks. 

Cost $a5,840. 36. One track. S. P., L. A. & S. L. Rv. 37. Mallaig Ex. of W. Highland Ry. 

a8. Three granite "hinges." 39. Penn. Ry. Four trades, 5° cxirve. 30. Three steel "hinges." 

31. Approach to Thebes Bridge. 



31. Cost $31,000. 33. L. S. & M. S. Ry. 
34. C._B^& 0. Ry. .Two tracks. 35. Skew, jo» 



58 
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TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



PLAIN CON 



• 


Name. 


Place. 

• 


Over. 


Date. 


Engineer. 


• 

1 

• 



Z 


33 
34 

35 
36 
37 
38 

30 
40 

4a 

43 

44 

45 
46 

47 


Danville Arch 

Grand Mattie 

1 6th St. 
Borrowdale 

Coulouvreniire 
Big Muddy 

Insigkofen 
Vanxhall 

Conn. Ave. Br. 


a miles from Danville, 
111.. U.S.A. 

Near Mittenberg, Germany 

Pontainebleu Forest, Fra'e 
Kirchheim, Wiirtemberg 
Washington, D. C, U.S.A. 
Scotland 

Geneva, Switzerland 
Near Grand Tower, 111., 

U.S.A. 
Inzigkofen, Wurtemberg 
London, England 

Washington. D. C, U.S.A. 

Munderkingen, Wurtem- 
berg 
Near Oviddo, Spain 
Neckarhausen, Germany 

Ulm, Germany 


VermilUon R. 
Main R. 

Valley 
Neckaar R. 
Piney Branch 
Bor'dale Bum 

Rhone R. 
Big Muddy R. 

Danube R. 
Thames R. 

Rock Creek 

Danube R. 

Nalon R. 
Neckar R. 

Ry. Yards 


1905 
z 898-99 

1869 

x898t 

lOOS 

1898-99 

189s 
1901-03 

1896 
1899 

I 889- X 906 

1893 

Proposed 
i0O3t 

iQost 


"Big 4" 

Pleischman and 
Bosch 

Belgrand 

Douglas 
Simpson and 
Wilson 

Butticaz 
Parkhurst 

Leibbrand 
Binnie 

Morison & 
Biddle 
Douglas 
Leibbrand 

Leibbrand 


z 

a 

2 

2 
a 

4 

I 

a 
a 
3 

I 
I 
a 
5 

a 

z 

z 
z 



* Maximum. 

Remarks. — 34. Three lead "hinges." 35. Paris water^upply from Vanne. 36. Three 

lead "hinges." 38. Mallaig Ex. of W. Highland Ry. 39. Three ^'hinges." 40. Two tracks, 
ill. Cent. Ky. 41- Three cast-iron "hinges." 49* Three "hiziges." 44* Three steel "hinges." 
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ARRANGED ACCORDING TO SVP^^CtnUinued). 
CRETE ARCHES. 







t 


1 




ts 


Thickness at 
Crown — Id* 




8« 


55 








Span. 


Rise. 


Thickness 
Crown. 


At Spring 
ing. 


• 

(3 


Radius R i 
Crown. 


to 
R' 


Width, Pa 
to Pace 
Crown. 


Thickness 
Piers at 
Springii 


Class of 
Bridge. 


Reference. 


1 


100. 


40.0 


4.0 




c 


SI. 3 


4.0 


.088 


4a. 


15.0 


Ry. 


N. Mar. 3, 1906, p. 
338 


33 


80.0 


30.0 


3.6 






41.7 


3.6 


.086 












iia.o 


16.4 
17.5 


a. 5 


a. 8 






a. 5 




a3.o 


10. a 


H.W. 


B. July as, xooi, p. 
61 


34 


107.3 


14.8 
x8.3 


a. 5 


a. 8 






a. 5 














X03.3 


13.8 


a. 3 


a. 6 






a. 3 














•lis. 8 


I 9 • C9 

tip. 3 


X.3 


• 






ti.3 








Aqued't 
H.W. 


K. Oct. '69, p. a7s 


35 


124.6 


19.0 


a. 6 


3.0 






a. 6 




ti8.o 




B. Mar. 9, 1900 


36 


las.o 


39.0 


5.0 




Par 




SO 




as.o 




H.W. 


B. Nov. x6, 1905 


37 


197.5 


aa.5 


4.0 








4.0 








Ry. 


B. Feb. 9, X899, p. 
85 


38 


20.0 


























131. 2 


18. a 


3.0 


3.0 


C 


"73 


30 


.034 






H.W. 


Y. X898 


39 


X40.0 


30.0 


7.0 


tao.o 


E 


167.0 


7.0 


.04a 


SO. 6 




Ry. 


B. Nov. X a, 1903, p. 


40 


14X.0 


Ji* 


9.3 


a. 6 






3.3 




fxa.s 






B. April 33,1897 


41 


X44.6 
130.6 


ti8.6 
fao.o 


3.9 
3.9 


3.9 
3.9 






3-9 
3-9 




t84.o 




H.W. 


N. Peb. as, 1899 


4a 


150.0 


75. 


S.o 




Ca 


75. 


S.o 


.067 


Sa.o 


ao.o 


H.W. 


N. July 8, i9oSi p. 

30 
B. June X, 1905 


43 


8a. 


4X.O 


3.3 






41. 


3-3 


.080 










164.0 


X6.4 


3.3 


3.6 






3.3 




t26.a 




H.W. 


G. 3 Tri., X897, p. 
« « 3S6 


44 


x6s.o 


18.8 


3.7 


3.7 






3.7 




ti7.o 




H.W. 


B. Sept. a6, 190X 
Engineer, Dec. 30, 


45 


165.0 


X3.5 


a. 8 


3.7 






a. 8 




15.8 




H.W. 


46 
























1904, p. 650 




215.0 
















t46.o 




H.W. 


B. March 15, X906 


47 



t About. 



45. Three "hinges." 46. Three cast-iron and steel "hinges.** 47 
centre of hinges i87'.o; rise centre to centre of hinges 18^.7; cost $45,000. 



47' Three "hinges;" centre to 



i6o 
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TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 

REINFORCED CON 



i 

E 
2 


Name. 


Place. 


Over. 


Date. 


Engineer. 


1 

• 




I 




Elkhart, Ind.. U.S.A. 


U Rue H. W. 


1903 






2 




Vulcanite, N. J., U.S.A. 
Rock Rapids. la.. U.S.A. 


Highway 


190S-6 


Osgood 




3 




Ravine 


1894 


M. A. C. Co. 




4 


Ridgewood Ave. 


Ridgewood, N. T., U.S.A. 
Manon Co., Ind., U.S. A. 


Br. of Saddle C 


1897 


M. A. C. Co. 




5 






1899 






6 




Waldwick. N. J.. U.S.A. 
Mahwah.*I.J..l!j.S.A. 


Stream 


1898? 


M. A. C. Co. 




7 




Stream 


1898 


M. A C. Co. 




8 




Crystal take, J^. J.. U.S.A. 


Stream 


1898 


M. A. C. Co. 




9 




Delaware Co., Penn..U.S.A 


Stream 


X905? 






lO 




Wavne Township, N. J., 
U.S.A. 


Stream 


2896 


M. A. C Co. 




11 


Linwood Ave. 


Ridgcwood, N. J., U.S.A. 
W. Edwardsvifle, Kan.. 


Saddle R. 


1895 


M. A. C. Co. 




la 




Mission Creek 


Z904? 


Walter 








U.S.A. 










J3 




Indian Creek lU., U.S.A. 


Indian Creek 


1903 


Smith 


3 


14 




Ocnomowoc, Wis., U.S.A. 


Lake 


1899 


Hall 




IS 


S. Jefferson St. 
Mckinley Arch 


Battle Creek, Mich^ U.S.A. 
St. Louis, Mo.. U.S.A. 


Kalamaaoo R. 


Z899 


Reiseger 


2 


x6 


Des Peres R. 


190a 


PhilUps 




17 




Sorsogazi. Philippines 


Stream 


1905 


Stevens 




x8 


San Miguel 


Manila, Philippines 


Estero S. Miguel 


1905 


White & Co. 




19 




Albion, Mich.. U.S.A. 




Z898? 


Keepers ft 
Thacher 


3 


90 


Como Park 


St. Paid. Minn., U.S.A. 


Rapid Transit Ry. 


1904 


Wilson 




az 


Como Park 


St. Paul. Minn.. U.S.A. 


Rapid Transit Ry. 


1904 


Wilson 




aa 


Mount St. 


Atlantic Highlands, N. J., 
U.S.A. 


Grand Ave. 


1895-96 


M. A. C. Co. 




33 


Salem St. 


Carbondale, Penn., U.S.A. 


Lackawanna R. 


1896 


M. A. C. Co. 




34 


Florida Keys Viad. 


Florida Keys, U.S.A. 


Salt Water 


190 s- 






as 


Lamington Br. 


Marysborough, Queens- 
land 
Louisville, Ky., U.S.A. 


MaryR. 


1896 


Brady 


xz 


a6 




Beargrass Creek 


1897 


Keepers & 














Thacher 




27 




Decatur Township, Ind., 
U.S.A. 


Goose Creek 




Nelson 




aS 


Mich. Cent. Ry. 


Detroit. Mich., U.S.A. 


Southern Bvd. 


189S-6 


Keepers & 
Thacher 




29 




Hyde Park, N.Y., U.S.A. 


Crura Elbow C. 


1897 


M. A. C. Co. 




30 




Plainwell, Mich., U.S.A. 


Kalamazoo R. 


1903 


Courtwright 




31 


Arch St. 


Paterson, N. J.. U.S.A. Passaic R. 


1903 


Schwien 




3a 


Jackson St. 
Sixth Ave. 


Newark. N. jT, U.S.A. Jackson St. 
Carbondale. Penn., U.S.A. Lackawanna R. 


1904 


Osgood 




33 


1896 


M. A. C. Co. 




34 


Goat Island 


Niagara Falls. N. Y., 
U.S.A 


Niagara R. 


1900-1 


Buck (Sute) 
Waldo (Con.) 




iS 




Qifton, N. J., U.S.A. 


Passaic R. 


1903 


Schwiers 




36 




Route Neutra. Hungary 
Route Nymphenburg, 




189a 




6 


37 
















Wurtembexg 










38 


Castle Eichom 


M&hren, Austria 


Ravine 


1898 


Venier 




39 


Eighth Ave. 


Carbondale, Penn., U.S.A. 


Lackawanna R. 


1896 


M. A. C Co. 




40 


Franklin Br. 


St. Louis, Mo., U.S.A. iDes Peres R, 


1897-98 


Dean 




4X 


Montgomery St. 


Jersey City, N. J., U.S.A. Street 


1895-96 


M. A. C. Co. 





type. 



Remarks. — i. L. S. & M. S. Ry. 
36" centre 
6. Nine s" 



- ." 7.5-lb 

I beams. 36'' centre to centre. 4. Nine 5" 9.7S-lb. I beams; 36'' centre to centre^^ 5. Melan 



* Maximum. 
3. Six 4" 



9.75_"lb. I beams; 3 



f 



a. C. R. R. of N. J.; two tracks; 

36" centre to 

7. Nine 5" 9.7s-lb. I beams: 
. S^ 



centre to centre. 



31 



centre to centre. 8. Nine s" 9.7s-lb. I beams; 36" centre to centre. 9. Skew. Phila. R. T. 
Co. 10. Nine s" 9.75-lb. I beams; zs" centre to centre. 11. Seven 5" 9.7s-lb. I beams 36" 
centre to centre. 12. U. P. Ry.; two tracks. 13. C. 1. & St. L. Ry., Short Line; two tracks. 
14. Flat bars and expanded metal. 15. Melan type; twenty-one 6" I beams. 17. Various 
si2e8 and shapes of bars. 19. Thacher type. ao. 5" ' " 

ai. Four angles, a"Xa"Xi"; 38" centre to centre (?). 



tt 



9.7S-lb. I beams; 38" centre to centre (0. 
22. Eight 6" za.a5-lb. I beams: 36" cen- 
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ARRANGED ACCORDING TO SPAN— (C^m^twiieJ). 
CRETE ARCHES. 



Span. 



;3o 
30 
30 

30 
32 

3a 
3a 
3a 
33 
.35 



,0 
,0 
.0 
,0 
,0 
.0 
.0 
,0 
,0 
,0 



40.0 
40.0 

40.0 
42.0 

4a. o 

45.0 

45 o 
45-9 
46.7 

So-o 
50.0 

30.0 

50.0 
50.0 
50.0 

50.0 

SCO 

30.3 

53.0 
a6.o 
54.0 
S4.a 

54.3 
54.6 

5S.O 

50. 5 
tS5.o 

55. « 
56.7 

57.6 

58.7 
60.0 

<H.2 





*» 


1 




% 


Rise. 


Thickness 
Crown. 


It 


• 


9 ^ 
•36 




< 





K 


9.0 


3.3 


6.4 




t9.o 










6.6 


0.5 


a. 5 


3C 


39.0 


3.0 


0.9 


1.8 






1.2 










3.2 


0.9 


a.o 






3-a 


0.9 


a.o 






6.4 


0.9 


3.5 






z6.o 


0.5 


0.9 


E 




3.5 


0.8 


a.o 






8.0 


1 .0 








face 


2.2 


1 0.0 




ai.o 


ao.o 


a. 5 




C2 


ao.o 


6.7 


o.S 




E 




6.0 






E 


43.0 


6.3 










ia.5 


0.8 


a. 5 






12. 5 


0.8 


as 






iz .0 


0.8 


3.0 


C 


33.9 


8.3 


0.8 


a. 8 






95.0 


a.o 




C2 


as.o 


4.0 


X.7 


57 






II. 2 


I.O 


5.0 


3C 


4J-7 


9-5 


1.5 


7.5 


C 


38.2 


7-5 


0.8 


a. 5 






7.5 


0.7 


1.7 






8.0 










a. 4 


1.7 


4. a 






10. s 


a. 5 




c 


48.4 


5.5 


0.9 


3.0 






lO.O 










9.0 










3.0 


2.0 








3.7 


0.8 








59 


I.O 








19.7 


1.9 


a. a 


3C? 


3a. 8 


6.0 


1 .0 


3. a 






IS. 5 


0.9 




3C 


48.0 


12. 


I.O 


3.6 



















• 




I 


Kind of 


Qt 

lat 
Crown 


idth. Pace 
to Pace at 
Crown 


lickness of 
Piers at 
Springing. 


Steel. 


irCei 

Stee 
the 4 




^ 


^ 


P 


|"i* 


55 


3a. 5 






1 .02 


17.5 






.80 


26.0 






.8s 


24.0 






.93 


22.0 






.80 


26.0 















.8a 


25.0 






.66 


ao.o 




i"J 


.70 


38.0 




ii"J 




3a. 3 

42.0 
66.0 




Var. 




45.0 
135.0 




+ 




t28.o 






t.75 
t.99 


ti7.o 
ti7-o 










I. II 


25.0 






f .as 


SS-o 




l"J 


.76 


15.0 






.71 


22.7 




3"Xf" 




t6o.o 






3.75 


109.9 






z.a3 


17.0 






1 .00 










t24.o 


6.0 




3.60 


145.5 




ii"0 


1.37 


t3a.o 






1. 12 


48.0 






.63 


t40.o 


8.0 




.66 








2.40 


t30.o 
T19.7 














t3a.8 








21.3 






1 .02 


49.0 






1.40 


3 a.o 






1 .02 


83.3 





Class of 
Bridge. 



Ry. 

H.W. 
H.W. 
H.W. 

H.W. 

Infr.R.R. 

H.W. 

H.W. 

Ry. 

H.W. 
H.W. 
H.W. 
H.W. 
H.W. 

Foot-bri'e 

Poot-bri'c 

H.W. 

H.W. 

H.^. 

H.W. 

H.W. 

Ry. 

H.W. 

H.W. 
H.W. 

H.^. 
H.W. 



H.W. 
H.W. 
H.W. 

H.W. 
H.W. 
H.W. 
H.W. 



Reference. 



B. Tidy 14 1904 
N. Sept. 9, 1905 

X. 

Cement, Sept. 1900 

X. 
X. 

N. Dec. a, 1905 

X. 

T. Dec. 8. Z905 

T. March zi. 1904 
B. Oct. 19, Z899 
T. Sept. 24, 1900 
B. Jtme iz, 1903 
N. Oct. a I, 1905 
N. July 8, Z90S 
B. Sept. ai, Z899 

N. Dec. 3, Z904 
B. April 6, Z905 
N. Augtist 22, 1896 

X. 

B. Oct. 19, 1905 
N. Nov. 17, 1900 
B. Peb. Z4, Z90Z 
K. & T. Blues 

Cement, Nov. 190Z 

N. Sept. 28, 1895 
T. March 3, 1899 
B. Nov. 10, 98; X. 

B. May 12, 1904 
N. Sept. 10, 1904 
N. August 6, 1904 

B. Dec. 6, 1900 



N. Sept. 10, 1904 
G. I St Tri., Z904 
G. ist Tri., Z904 

Ost. Monat.Baud'st 

X. 

X. 

X. 






z 

2 
3 
4 
5 
6 

7 
8 

9 
zo 

iz 

12 

13 
14 
X5 
16 

17 
18 

19 

20 
21 
aa 

a3 

a4 
as 

a6 

27 
28 

29 

30 
31 
33 

33 
34 



35 
36 
37 

38 
39 
40 

41 



t About. tJ" Johnson bars. O — Round bars. 

tre to centre. a3. Nineteen 7" 15-lb. I beams; 36" centre to centre. a4. Arches vary in stwin 
but all same type. as. 41.25-lb. rails: 2' centre to centre. 27. Melan type. a8. Fou, 
4"X4"Xi" angles; aai" centre to centre. 29. Five 7" is-lb. I beams. 36" centre to centre; fivr 
s" 9.75-lb. I beams, 36" centre to centre. 30. 4"-6'' channels. 1.9' centre to centre. 3a. Ce 
K. R. of N. J., two tracks. 33, Sixteen 7" is-lb. I beams; 36" centre to centre. 34. Thachcr 
type. 35. See No. 31. 36. WUnch type. 37. Monier type. 38. Melan type; four I 
beams. 39. Sixteen 7" is-lb. I beams. 36" centre to centre. 40. Eleven 8" i8-lb. I beams; 
36" centre to centre. 41. Twenty-one 7'' 15-lb. I beams 36" centre to centre; two elevated tracks. 
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APPENDIX. 



TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 



REINFORCED CX)N 















• 


1 


Name. 


Place. 


Over. 


Date. 


Engineer. 


4* 
43 

44 


Herkimer Viad. 


Troy. N. Y., U.S.A. 
Route Ebhauaen. Wur- 

tembers 
Vignetix, Prance 
Italy 
Herkimer, N. Y., U.S.A. 


Wynant's Kill 

Dora R. 

W. Canada Crk. 


1897 
189Z 

1900 

190a 

1902-3 


Kenney 
Osbom E. Co. 




47 




Jacksonville, Pla.. U.S.A. 


McCoy's C.&RR. 


1903-4 




IX 


48 
49 

SO 
St 


Bloomfield Ave. 


Auch, Prance 

Military Road, San Juan, 

Ponce, Porto Rico 
Newark, N. j., U.S.A. 
Cincinnati, Ohio, U.S.A. 


GersR 
Guayo R 

Park drive 
Park drive 


1899 
1900-0X 

1904 
r894-95 


Thacher 

Reynolds 
M. A. C. Co. 




Sa 
53 
54 

II 

n 

59 
6o 


Cedar R. 
Meridian St. 
Illinois St. 
Wealthy Ave. 


Trinidad. Col.. U.S.A. 
Copenhafi^en. Denmark 
Route Pampardu. Belgium 
U Salle, 111.. U.S.A. 
Waterloo, la., U.S.A. 
Indianapolis, Ind., U.S.A. 
Indianapolis. Ind., U.S. A. 
Grand Rapids, Mich.. 

U.S.A. 
Wabash, Ind., U.S.A. 


Puisatorie R. 
Railway 

Gorge 
Cedar R. 
Pall Creek 
Pall Creek 
Grand R. 

Creek 


190S 
X879 
X899 
1905 
190 a-3 
1900 
X900 
190 

1905 


Hibbard 

Strauss 

Z 

Jeup 

Jeup 

Anderson 




6i 

63 

64 
6S 
66 


Hamilton St. 

Rock Creek 
Soissons 


Hartford. Conn., U.S.A. 
Hyde Park. N. t.. U.S.A. 
Polasky. Cal.. U.S.A. 
Route Bade. Austria 
Washington. D. C, U.S.A. 
Soissons, Prance 


ParkR. 
Cnim Elbow C 
S. Joaquin R 

Rock Creek 
L'Aisne 


1898 
1897 
1905 
1900 

1901- 
190a 


M. A. C. Co. 
M. A. C Co. 

Leonard 

Beach - 
Riboud 


10 


67 




Haider 


Lenne R. 


1904 






68 
69 


De rEmp^reur 
Pabriano Viad. 


Sarajero. Bosnie 
Italy 




1897 
1905 






70 

71 
7a 

73 


Seeley St 


Rt. Paycrbach, Axistria 

Brooklyn, N. Y., U.S.A. 

Austria 

Gr'd Rapids, Mich., U.S. A 


Prospect Ave. 
BialkaR.? 
Grand R. 


1900 
1903-4 

1894 
1903-4 


Poot 
Anderson 




74 
75 


Main St. 
West St. 


Dayton, Ohio, U.S.A. 
Paterson, N. J.. U.S.A. 


Great Miami R. 
Passaic R. 


I 90 8-3 
1897-8 


Turner 

M. A. C. Co. 




76 
78 


N. Sixth Ave. 


Yorktown, Ind,, U.S.A. 

Papiffus, Italv 

Des Moines, la., U.S.A. 


Stream 

NemR. 

Des Moines R. 


1905? 
1901-a? 


Luten 
Z 


3 



36" centre to centre. 
46. U. & M. V. Ry. 



Remarks. — 4a. Nine 8'' i8-lb. I beams; 
Piketty type. 45. Hennebique type. 

and Tiiacher bars. 48. Bonna type. 49- Thacher type, 
tracks. 51. Eleven 9" 21 -lb. I beams; 36" centre to centre, 

rails. 54. Hennebique type. 55. Two ribs. In Deer Park. 
a5-lb. I beams: 36" centre to centre. 58. xo" as-lb. I beams; 36 



* liaximum. 

43. Monier type. 44. 
r. Mel 



Two tracks. 47. Melan ribs 

so. Melan type. • Two E. Ry. 

53. Pive 18.8 lb. (per foot> 

57. «p" 
60. Kabn 



56. Thacher type. 
" centre to centre. 



APPENDIX. 



i(i$ 



ARRANGED ACCORDING TO SPAN— (Con/*»«ed). 
CRETE ARCHES. 



■ 




13 


J 




t 




• 


Width, Pace 
to Pace at 
Crown. 










span. 


Rise. 


Thickness 
Crown. 


it 

h 


• 

c3 


Radius i? 
Crown. 


Kind of 
Steel. 


Per Cent 
Steel at 
the Cro 


Class of 
Bridge. 


Reference. 


• 

1 

2 


65.0 


8.5 


I.O 








X.33 


37.0 




H.W. 


X. 


43- 


65.6 


8.2 


0.7 












tx3.i 




H.W. 


G. ist Tri., 1904 


43 


65.6 


14.8 


X.6 












tx3.i 




H.W. 


G. zst Tri., X904 


44 


65.6 


6.6 














t46.6 




H.W. 


G. zst Tri.. 1904 


T W 

45 


66.0 


14.0 


X.8 


4.5 




46.5 


li" Tt 


.96 




8.0 


E. Ry. 


N. Peb. 33, 1903, p. 


46. 


69.0 


12. 


X.8 


4.5 




46.0 




.96 








340 




•68.0 


7.0 


X.5 












53.0 


t7.o 


H.W. ft 


T. July 3, 1903. p. 


47 


68.9 


6.6 


x.o 
















E. Ry. 
H.W. 


438 
G. ist Tri., X904 


48 


70.0 


2-7.0 
1-7.5 














30.0 




H.W. 


N. Aug. 3, X90X, p. 
98 


49 


70.0 


8.5 














t6s.o 




H.W. 


N. Aug. 19, 1905,0. 
M. A. C. Co., B. 


50 


70.0 


xo.o 


1.3 


4.0 


c 


X06.3 




t.8o 


33.5 




H.W. 


5Z 
























^ Oct. 3,1895 




70.0 


7.0 


x.a 


3.0 


^e 




xi"T 


3.67 


t6s.o 


7.0 


H.W. 


N. Peb. zo, X906 


5a 


71-7 


8.5 


0.9 


x.a 


iC 


77. a 










Poot-bri'e 


B. July 31, 1898 


SS^ 


71.8 


9.» 


1.3 












t39-4 
ts-o 




H.W. 


G. zst Tri., 1904 


54 


7a. 


7-5 


ta.o 


ta.o 






xXx"Ts 






Poot-bri'e 


B. Sept. 3z, 1905 
N. Peb. Z3, 1904 


55 


7s. 


7. a 


X .9 


3.7 






ai"Xr' 




t46.o 
T70.0 




H.W. 


56 


74.0 


9.5 


1.3 


Z.8 


3£ 






x.3 


8.0 


H.W. 


B. April XX, Z90X 


57 


74<o 


9-5 


X.3 


x.8 


3? 






x.3 


t6o.o 
T39.0 


8.0 


H.W. 


B. April zz, Z90Z 
B. Mar. 33, z9o6,p. 

^ « * 


58 


75. 


14.0 






zC 










H.W. 


59 


750 


x8.o 


1.5 


3.3 


Par 




x"X3'' 




t3a.o 




H.W. 


3az 
B. Mar. 15, Z906 


60. 






















N. Dec. 3, Z905 




75. 


7-5 


1.3 


4.5 








X.17 


49-3 




H.W. 


X. 


6z 


75.0 


14.7 


x.3 


ti.9 


sC 


97.5 




.69 


30. 




H.W. 


X. 


6a 


75. 


tii.o 


1.5 






63.5 


*"J 


X.X3 


19.5 


5.0 


H.W. 


N. Peb. 34, Z906 


63 


77.4 


7.7 














t39.4 




H.W. 


G. zst Tri., Z904 


64 


80.0 


15.0 


X.5 










.90 


37.0 




H.W. 


B. Aug. 14, Z903 


65 


80.7 


7.9 


x.o 


9.0 











45.9 


4.9 


H.W. ft 
Ry. 


G. zst Tri., Z904 
G. 3d Tri., Z903,p. 


66 


80.3 


8.2 


x.o 


9.0 
















47 




79.6 


7.9 


X .0 


9.0 




















83. 




x.6 


3.3 














H.W. 


G. 4th Tri., 1 905, p. 


67 


60.7 
83. a 
84.9 


8.3 
s6.9 


x.6 
x .0 

3.0 


1.6 

t9.o 

3.3 










t37.6 
T3a.o 




H.W. 
H.W. 


G. zst Tri., Z904 
N. Dec. 9, Z905, p. 


68 
69 


30.2 
85.3 


13. T 
5-9 


^1.5 


4.8 










ti8.o 




H.W. 


64s 
G. zst Tri., Z904 


70 


85.3 


8.5 


13.5 


tio.o 

T1.5 






ii"J 


t.76 


53. » 




H.W. 


B. Dec. 3z, 1903 


71 


86.3 


30. 6 


x.x 














H.W. 


G. zst Tri., Z904 


73 


87.0 












xi"T 




64.3 


9.0 


H.W. 


B. Dec. z, 1904, p. 


73 


83.0 


8.0 


x.6 


3.8 








X. x6 








489 




79.0 


xz .0 


1.5 


3.0 








i.aa 












♦88.0 
















54.0 


8.8 


H.W. 


B. May 19, Z904 


74 


89.0 


9.5 


x.3 


5.5 








X.37 


50.8 


8.5 


H.W. 


X. 


75 


88.5 


9.5 


x.3 


5.5 








1.37 








B. March z6, 1899 




95.0 


XI. 1 










i"0 




tx8.o 






B. May ii, Z905 


76 


95.2 




a. 3 


3.3 
















G. 4th Tri., 190s 


77 


100.0 


a7.7 
33.9 


1.8 
1.9 


4.0 

4. a 




68.8 
79. a 






4».7 


xo.o 


H.W. 


Cement, July, z9oa 


78 




2Q.O 


1.9 4.3 1 




93.6 












• 





t About. 



t T « Thacher bars. O — Round bars. J — Johnson bars. 



bars. 6z. Seventeen 9" 3z-lb. I beams; 36" centre to centre. 63. Seven 9" z8-lb. I beams. 

63. Spandrel wall tied to ring. 64. Hennebique type. 65. Pour 3"X3"X6-lb. angles; 33" 

centre to centre. 66. Hennebique type. 67. Large arch has three "hinges." 68. WQnch 
type. 60. Total length — 354'. 7©. Melantype. 71. Skew. 73. Moniertype. 74. Pour 
angles, 3i''X3VXyb"" 36 ' centre to centre. 75. Seventeen zo" 3s-lb. I beazns. %$\" centre 

to centre. * 77. Pi ve ribs; four angles latticed. 78. Melantype; four angles latticed. 
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/fPPENDIX. 



TABLE II.— DATA FOR ABOUT 500 ARCH BRIDGES 

RBINPORCBD CX)N 



B 

3 

2 

79 
80 

81 
82 



83 



«4 



8S 

86 

87 
88 



80 
90 



Name. 



91 
92 



93 
94 

95 
96 
97 

98 

99 
100 

lOI 



Icy Glen 
Pran9oi8- Joseph 



Green Island 
Third Street 

Wayne St. 

Lake Park 
Jacaquas R. 



Washington' A ve.,So. 
Y-Bridge 



Kansas Aye> 



Park Ave. 
Schwimmschtd- 
brttcke 



St. Pierre Hollow 



Place. 



Gruenwald 



Stockbridge, Mass., U.S.A. 
Buda-PesthC ?), Austria- 

Hungarv 
Laabacn .Austria 
Niagara >*Us. N.Y.. U.S.A 



Dayton. Ohio, U.S.A. 



Peru, Ind., U.SJ^. 



Portugal 

Milwaukee. Wis., U.S. A. 

Yelkiwstone Nat. Park, 

U.S.A. 
Military Road, San Juan- 

Ponce. Porto Rico 

Lansing. Mich., U.S.A. 
Zanesville. Ohio, U.S.A. 



Route Wildegg. Swits 
Topeka. Kan., U.S. A. 



Newark, N. J., U.S. A. 
Steyr 

Playa-del-Rcy. Cal..U.S.A. 
Route Waidhofen, Atistria 
Schenley Park. Pittsburg, 

Pent!., U.S.A. 
Chatellerault, Prance 

Route Bormida. Italy 
Decize, Pnuice 
Munich. Bavaria 



Over. 



Housatonic R. 
Danube R. ? 

LaibachR. 
Niagara R. 



Great Miami R. 



Wabash R. 



Peiut R. 
Ravine 
Yellowstone R. 

Jacaquas R. 



Grand R. 
Muskingum R. 



Kansas R. 



Park 
Stream 



St. Pierre Hollow 
Vienne R. 



Loire R. 
Isar R. 



Date. 



1895 
1900 

xpoo— 1 
x9oo~'X 



1904- 



190S 



X901 
1905 
1903 

1900-1 



190S 
1900-a 



x8oo 
1896-98 

X90S 
1897T 

1906 
Proposed 
1900 
1902 
X904 



Engineer. 



M. A. C Co. 



Melan 

Buck (Con.) 
Waklo (State) 

Turner 



Luten 



Tumeaune 
(^ittendra 



Jackson 



Collar 
Landor 



& 



O 



M. A. C Co. 



Reynolds 



De Palo 
Keepers and 



jcepe 
Tha* 



cher 



Morsch 



Remarks. — 79. Pour 7" is-lb. I beams; a8" centre to centre. 
Lattice ribs. 81. Three "hinges." Fourteen lattice ribs. ••- "~ 



* Maximum. 
80. Three "hinges." 



34" centre to centre. 



•hinges." Fourteen lattice ribs. 83. Pour angles. 2i"Xa*"XA". 

85. Hennebique type. 87. Four aV'X3"Xi" angles; 30'' centre 



to centre. 88. Thacher type. 89. Melan type. 90. Thacher type. In plan, Y-shaped. 
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ARRANGED ACCORDING TO SF AN— {Continued), 
CRETE ARCHES. 







^ 


1 




n 




• 


8tS 


^ M 








Span. 


Rise. 


lickness 
Crown. 


; Spring 
ing. 


• 




Kind of 
Steel. 


rCent 
Steel at 
the Cro^ 


idth, Pa 
to Pace 
Crown. 


lickness 
Piers at 
Springix 


Class of 
Bridge. 


Reference. 


1 






e 


< 


— 




& 


^ 


e 






2 


xoo.o 


10. 


0.8 


9-5 






a. 30 


7.5 




Poot-bri'e 


X. B. Nov. 7. '95 


79 


X08.2 


14.4 


1.6 


ta.a 










t4S.9 




H.W. 


G. I St Tri., 1904 


80 


X08.3 


14.6 


1.7 






xaa.c 






tso.o 




H.W. 


B. July 16, 1903 
B. Dec. 6, 1900 


81 


xzo.o 


II. 5 


3. a 


5.9 






6"Xf" 


.63 


40.0 


13. s 


H.W. 


8a 
























N. Peb. 16, i9oi,p. 




103.5 


10. 


3.3 


6.3 








.66 








146 




zxo.o 


14.3 














t63.o 










loo.o 


13-3 


a.x 










.69 




II. 


H.W. 


T. Mar. 4, 1904, p. 


83 


)0.0 


IX. 3 


a.x 










.69 




10. 




154 




Jo.o 


9-7 


x.6 










.91 




9.0 








xoo 
















3a? 




H.W. 


B. Mar. ag, 1906, p. 


84 


95 












*0| 










347 




85 


























XI4.8 


14. 4 














IX. 8 




Tramway 


G. ist Tri., 1904 


8s 


118. 


18.0 


5.0 


5.0 






"X3"K 




14.0 




H.W. 


N. Nov. 25, 190.5 


86 


X30.0 


15.0 


2.0 


4.0 








tx.39 


17. 5 




H.W. 


B. Jan. 14, 1904. p. 


87 


X30.0 


12.0 


2.3. 




3C 


aa6.o 


4"Xf" 


.63 


ao.o 


xa.o 


H.W. 


25 

N. Au^. 3, 190 1 
B. Aug. I, 1 90 1, p. 


88 


zoo.o 


II. 3 


Z.9 






167.2 




.80 








66 


. 


X30.0 
















54. 




H.W. 


Cement, Mar. 1902 


89 


132. 


M-5 


a. 5 








3"&S" 
Xf^ 




43.0 




H.W. 


N. Mar. i, 1902, p. 


90 




11.5 
















El. Ry. 


X94 




81.0 


14. S 
10.9 


X.5 






















09. 


6.3 
























X22.0 


II. 4 


0.6 


to. 8 










tia.8 




H.W. 


G. ist Tri., 1904 


91 


125.0 


18.9 


i.tf 


6.0 








X.58 


36.0 




H.W. 


M. A. C. Co. B. 
April 2, 1896 


9a 


IIO.O 


16.3 


X.8 


6.0 








1.58 












97-5 


14.6 


1.7 


5-0 








1.73 












i3a-0 


16.2 














t7a.o 




H.W. 


N. Aug. 19, 1905 
Z. Oe. Ing. u. Arch. 


93 


138.4 


9-4 


a.o 


a. 3 










19.7 




H.W. 


94 






. 


















Ver., Dec. 23, '98 




146.0 


18.0 


a.o 








4 angles 










N. Mar. 31, 1906 


95 


X44.3 




















H.W. 


G. ist Tri., 1904 


96 


X50.0 


99.8 


a.o 


8.0 








.94 


84.0 




H.W. 


K. & T. Blues 


97 


164.0 


15-8 


x.8 


t3.o 

+ 2.6 














H.W. 


G. ist Tri., 1904 


98 


Z31 .2 


13.2 


1-4 










tx9.o 










X67.3 


16.7 


X.9 
















H.W. 
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K — ' Khan bars. 



to — Round bars. 

91. Monier type. 92. Four angles, 3"X3"X7.9 lbs. 

.^''XV'XV'; 36" centre to centre. Thacher bars. ^^. ... ^y^^. 

96. Monier type. 97. Twenty-seven ribs. Pour angles, 3"X3"X7.a lbs. 
type. lox. Three steel "hinges." 



Twelve ribs. 
94. Melan type. 



93. Pour angles 
95. Poot-bridge 
98. Hennebique 
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PAOB 

Abutments, Albula Railway 49 

thickness of 47 

Albula Railway, bridge dimensions 49 

Arch axis, subdivision of 54, 88 

Arjch bridges, typical 1 19 

Arch ring, with constant J 29 

depth at support 46 

depth at crown 43 

fixed, general formulas 9 

Austrian specifications 45 

Axial stress, change in codrdinates 5 

constant J 32 

Example i 81 

Example 2 no 

horizontal thrust, Ha 24 

vertical loads 23 

Baker, thickness of abutments 47 

Bellefield bridge 120 

Bending moment, taken entirely by steel 36, 1 10 

Concrete, coefficient of expansion 132 

in compression 36, 37 

in tension 37 

physical properties 131 

plain 35, 41 

reinforced 35f 42 

Coordinates x and y 3, 5 

Croizette-Desnoyer's formulas 46 

Dead load computations 65 

Decimals, number 55 

Dejardin's formulas 44, 45 

Distortion, angular, produced by bending i 

Elasticity, modulus 7, 8, 34, 36 
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Elastic theory, reliability 37i 42 

Empirical formulas, remarks 4& 

Equilibrimn polygon, following arch axis 51 

dead load, Example 2 96 

Example, first 53 

second 8& 

third Ill 

Fiber stresses, concrete ribs 35 

dead and live loads, Example i 76 

Example 2 102, 103, 105, 106, 107 

final in Example i 83, 

general formulas 35 

maximum. Example 2 108, 109 

polygon outside middle third 34 

reinforced concrete 36 

stone ribs 34 

temperature changes. Example i 8a 

Fill, above key, railroad bridges 53 

weight 13s 

Formulas, general 7, 8, 1 5, 26 

general, constant J 30| 31 

German practice, depth of key 45 

Granite, physical properties 1 29 

Horizontal loads, constant i, general formulas 31 

general formulas 26 

horizontal thrust 11 

moments A/* .^ 27 

symmetrical 28 

Horizontal thrust, axial stress 24 

constant J, vertical loads 20 

horizontal loads 31 

dead load, Example i 67 

Example 2 96 

general formulas 10 

horizontal loads 11 

live load, Example i 69 

temperature changes 12 

unit loads. Example i 56 

Example 2 89 

Example 3 1 1 1 

vertical loads, general formulas 11 

Keystone, Albula Railway 49 

depth of, Example i 65 

depth 43 

empirical formulas 43i 44f 45f 4^ 
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Limestone, phjrsical properties 130 

Live load, distribution 53 

Luxemburg bridge 121 

m„ graphical representation 17, 18 

Af I, live load, Example i 69 

unit loads, Example i 60 

Example 2 89 

Example 3 113 

Wx, graphical determination 14 

A/x, graphical representation 27 

Marble, physical properties 131 

Maximum moments, crown, live load, Example i 70 

graphical determination. Example i 75 

live load, Example i 68 

point O, live load. Example i 69 

point 6', live load, Example i 73 

Moment A/j, general 1 2, 14 

vertical loads 20, 21 

Moment, maximum A/,, vertical loads 22, 23 

Neutral axis 34, 26 

Pence, coefficient of expansion 131 

Peronnet's formulas 44 

Piers, Albula Railway 49 

thickness 48 

Rankine's formulas 44, 47 

Reinforcement, steel, area 124 

steel-ribs 123 

steel-rods, etc 124 

Reliability, elastic theory 41 

Rockville bridge 120 

Sandstone, physical properties. 130 

Second example, data 88 

Shear T, *. . . . 25, 32, 33, 87 

Spandrel filling 50 

horizontal thrust 50 

uniform weight 85 

weight 50 

Spandrel masonry 3^, 39i 4° 

weight 50 

walls 119 

Specifications, abstracts 125 

Stone, physical properties 129 

Ix , computation 60 

Table I, physical properties of stone, etc 1 29 

Table II arch data I34 
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Temperature , 6, 31, 35, 39, 40, 41 

horizontal thrust 12 

range 118 

reinforced concrete 42 

stresses, Example i 79 

Example 2 106 

Thacher, properties of concrete 131 

Thebes bridge 121 

Third example 1 1 1 

Track, weight 54 

Trautwine's formulas. 44> 47 

Unit loads, values of V^, y^, y„ etc , 96, 97 

Vermillion River bridge 123 

Vertical loads, constant J, general formulas 30 

general formulas , 15 

horizontal thrust 11 

Mj, graphically 17, 18 

Mx, graphically 16 

Vj, live load, Example i 69 

unit loads. Example i 60, 69 

Example 2 97 

y\> y%t etc., unit loads. Example i 60f <55, 97 
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SHORT-TITLE CATALOGUE 

PUBLICATIONS 



JOHN WILEY & SONS* 

New York. 
Lohdoh: chapman ft HALL, Lixnsii. 

ARRANGED UNDER SUBJECTa 



Descriptive circulars sent on application. Books marked with an asterisk <**) are sold 
at Mr/ 'prices only, a double asterisk (**) books sold under the rules of the American 
PnblisherB* Association at nei prices subject to an extra charge for postage. All books 
are bound in cloth unless otherwise stated. 



AGRICULTURE. 

■ 
Annsby's ManiiAl of Cattle-feeding timo, Sx 75 

Principles of Aninsal nutrition Svo, 4 00 

Bvdd and Hansen's American Horticnltttral Manual: 

Part L Propasation, Culture, and Improvament. zamo, z 50 

Part n. Systematic Pomology. xamo, z 50 

Downing's Fruits and Fruit-trees of America 8yo, 5 00 

Elliott's BncineerinK for Land Drainage zamo, z 50 

Practical Farm Drainace zamo. z 00 

Graves's Forest Mensuration. 8to, 4 00 

Green's Principles of American Forestry. zamo, z 50 

Grotenfelt's Principles of Modem Dairy Practice. (Well.) zamo, a 00 

Kemp's Landscape Gardening. zamo, a 50 

Maynard's Landscape Gardening as Applied to Home Decoration. zamo, z 50 

* McKay and Larson's Principles and Practice of Butter-making 8yo« z 50 

Sanderson's Insects Injurious to Staple Crops. zamo, z 50 

Insects Injurious to Garden Crops. (In preparation.) 

Insects Injuring Fruits. (In preparation.) 

Stockhridge's Rocks and Soils. 8yo, a 50 

Winton's Microscopy of Vegetable Foods 8yo, 7 50 

WoU's Handbook for Fanners and Dairymen. i6mo, z 50 



ARCHITECTURE. 

Baldwin's Steam Heating for Buildings lamo, a so 

Bashore's Sanitation of a Country House zamo, z 00 

Berg's BttiMings and Structures of American Railroads , .4to, 5 oa 

Birkmire's Planning and Construction of American Theatres. 8to, 3 o» 

Architectural Iron and SteeL 8yo, 3 50 

Compound Riyeted Girders as Applied in Buildings 8yo,- a 00 

Planning and Construction of High Office Buildings. 8yo, 3 50 

Skeleton Construction in Buildings. 8yo, 3 00 

Sckool BaiUiiigi. Svo, 4 00 
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Carpenter's Heating and Ventilating of Buildings 8vo, 4 00 

Freitag's Architectural Engineering 8to, 3 50 

Fireproofing of Steel Buildings «..-..«.. .8to, a 50 

French and Ires's Stereotomy Svo, 2 50 

Gerhard's Guide to Sanitary House-inspection. '. z6mo, z 00 

Theatre Fires and Panics x2mo, z 50 

*Greene's Structural Mechanics 8to, a 50 

Holly's Carpenteis' and Joiners' Handbook. i8mo, 75 

Johnson's Statics by Algebraic and Graphic Methods. 8vo, 2 00 

Kidder's Architects' and Builders' Pocket-book. Rewritten Edition. x6bio, aor., 5 00 

Merrill's Stones for Building and Decoration 8vo, 5 00 

Non-metallic Minerals : Their Occurrence and Uses 8yo, 4 00 

Monckton's Stair-building 4to, 4 00 

Patton's Practical Treatise on Foundations 8vo, 5 00 

Peabody's Ifaval Architecture 8yo, 7 50 

Rice's Concrete-block Manufacture 8to» 2 00 

Richey's Handbook for Superintendents of Construction i6mo, mor., 4 00 

* Building Mechanics' Ready Reference Book. Carpenters' and Wood- 
workers' Edition. i6mo, morocco, i 50 

Sabin's Industrial and Artistic Technology of Paints and Varnish. 8yo, 3 00 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, z 50 

Snow's Principal Species of Wood 8to, 3 50 

Sondericker's Graphic Statics with Applications to Trusses, Beams, and Arches. 

8vo, a 00 

Towne's Locks and Builders' Hardware zSmo, morocco, 3 00 

Wait's Engineering and Architectural Jurisprudence 8vo, 6 00 

Sheep, 6 50 

Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 5 00 

Sheep, 5 50 

Law of Contracts 8to, j 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .Svo, 4 <k> 
Woicester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small HospitaL 

zamo, z as 

The World's Columbian Exposition of Z893 Large 4to. z 00 



ARMY AND NAVY. 

Bemadou's Smokeless Powder, Kitro-cellulose, and the Theory of the CelluloM 

Molecule zamo, 2 50 

* Bruff's Text-book Ordnance and Gunnery 8vo, 6 00 

Chase's Screw Propellers and Marine Propulsion 8vo, 3 00 

Cloke's Gunner's Examiner 8to, z 50 

Craig's Azimuth 4to, 3 50 

Crehore and Squier's Polarizing Photo-chronograph 8yo, 3 00 

* Davis's Elements of Law 8vo, 2 50 

* Treatise on the Military Law of United States 8vo, 7 00 

S^Mep, 7 50 

De Brack's Cavalry Outposts Duties. (Carr.) a4mo, morocco, 2 00 

Dietz's Soldier's First Aid Handbook .z6mo, morocco, z 35 

* Dredge'6 Modem French Artillery 4to, half morocco, Z5 00 

Durand's Resistance and Propulsion of Ships 8yo, 5 00 

* Dyer's Handbook of Light Artillery zamo, 3 00 

Eissler's Modem High Explosives 8vo, 4 00 

* Fiebeger's Text-book on Field Fortification Small 8vo, 2 00 

Hamilton's The Gunner's Catechism ztaiOt i 00 

■* Hoff's EteiDMitary llaval Tictict. « Stq. i 50 
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Ingalk's Handbook of Problems in Direct Fire 8to, 4 00 

* Ballistic Tables 8yo, x 50 

* Lyons's Treatise on Blectromagnetic Phenomena. Vols. I. and 11. .8to, each, 6 00 

* Mahan's Permanent Fortifications. (Mercur.) 8yo, half morocco, 7 50 

Manual for Courts-martiaL i6mo, morocco, z 50 

* Mercur's Attack of Fortified Places xamo, a 00 

-* Elements of the Art of War Svo. 4 00 

Metcalf's Cost of Manufactures — ^And the Administratiott of Workshops. .8vo, 5 00 

* Ordnance and Gunnery. 2 vols. xamo, 5 00 

Murray's Infantry Drill Regulations. x8mo, paper, zo 

Nixon's Adjutants' ManuaL a4mo, z 00 

Peabody's Naval Architecture Svo, 7 50 

* Phelps's Practical Marine Surveying. Svo, a 50 

Powell's Army Officer's Examiner zamo, 4 00 

Sharpe's Art of Subsisting Armies in War. zSmo, morocco, x 50 

* Tupea and Poole's Manual of Bayonet Exercises and Musketry Fencing. 

a4mo, leather, 50 

* Walke's Lectures on Explosives Svo, 4 00 

Weaver's Mihtary Explosives Svo, 3 00 

* Wheeler's Siege Operations and Military Mining Svo, a 00 

Winthrop's Abridgment of Military Law zamo, a 50 

WoodhuU's Notes on Military Hygiene z6mo, z 50 

YoT«qg'« Simple Elements of Navigation. x0mo, morocco, a 00 



ASSAYmO. 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

xamo, morocco, x 50 

Furman's Manual of Practical Assaying Svo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. . . .Svo, 3 00 

Low's Technical Methods of Ore Analysis Svo, 3 00 

Miller's Manual of Assaying xamo, x 00 

Cyanide Process. xamo, x 00 

Minef 8 Production of Aluminum and its Industrial Use. (Waldo.) xamo, a 50 

O'Driscoll's Notes on the Treatment of Gold Ores. Svo, a 00 

Ricketts and Miller's Notes on Assaying Svo, 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 4 00 

Ulke's Modem Electrolytic Copper Refining Svo, 3 00 

Wilson's Cyanide Processes. xamo, x 50 

Chlorination Process xamo, x 50 



ASTRONOMY. 

Comstock's Field Astronomy for Engineers Svo, a 50 

Craig's Azimuth. 4to, 3 50 

Doolittle's Treatise on Practical Astronomy Svo, 4 00 

Gore's Elements of Geodesy. Svo, a 50 

Hayford's Text-book of Geodetic Astronomy Svo, 3 00 

Merriman's Elements of Precise Surveying and Geodesy 8vo, a 50 

* Michie and Harlow's Practical Astronomy Svo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy lamo, a 00 



BOTANY. 

Davenport's Statistical Methods, with Special Reference to Biological Variation. 

i6mo. morocco, x as 

Thomr and Bennett's Structural and Physiological Botany x6mo, a 35 

Westermaier's Compendium of General Botany. (Schneider.) Svo, a 00 
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CHEMISTRY. 

Adriance's Laboratory Calculatioiis and Specific Gravity Tables. lamo, z as 

Alexeyeff'fi General Principles of Organic Synthesis. (Matthews.) 8vo, 3 00 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) Small 8vo» 3 50 

Austen's Notes for Chemical Students zamo, i 50 

Bemadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule lamo, a 50 

* Browning's Introduction to the Rarer Elements 8to, i 50 

Brush and Penfleld's Manual of Determinative Mineralogy 8vo, 4 00 

Claassen's Beet-sugar Manufactxire. (Hall and Rolfe.) 8vo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .8to, 3 co 

Cohn's Indicators and Test-papers. lamo, a 00 

Tests and Reagents 8vo, 3 00 

Crafts's Short Course in Qualitative Chemical Analysis. (Schaeffer.). . . lamo, x 50 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) zamo, a 50 

Drechsel's Chemical Reactions. (MerriU.) zamo, z as 

Duhem's Thermodynamics and Cheznistry. (Burgess.) 8vo, 4 00 

Eissler's Modem High Explosives 8vo, 4 00 

Effront's Enzymes and their Applications. (Prescott.) Svo^ 3 00 

Erdmann's Introduction to Chemical Preparations. (Duolap.) zamo, z as 

Fletcher's Practical Instructions Iq Quantitative Assaying with the Blowpipe. 

zamo» morocco, z so 

Fowler's Sewage Works Analyses zamo, a 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 5 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Wells.) 8vo, 3 00 

System of Instruction in Quantitative Chemical Analysis. (Cohn.) 

a vols ' 8vo, za 50 

Fuertes's Water and Public Health lamo, z 50 

Furman's Manual of Practical Assasring 8vo, 3 00 

* Getman's Exercises in Physical Chemistry zamo« a 00 

Gill's Gas and Fuel Analysis for Engineers zamo, z 25 

Grotenfelt's Principles of Modem Dairy Practice. (Woll.) zamo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) zamo, x as 

Hammarsten's Text-book of Phjrsiological Chemistry. (MandeL) 8vo, 4 00 

Helm's Principles of Mathematical Chemistry. (Morgan.) zamo, z 50 

Hering's Ready Reference Tables (Conversion Factors) z6mo. morocco, a 50 

Hind's Inorganic Chemistry 8vo, 3 r^" 

* Laboratory Manual for Students zamo, z 00 

Holleman's Text-book of Inorganic Chemistry. (Cooper.) 8vo, a 50 

Text-book of Organic Chemistry. (Walker and Mott.) 8vo, a 50 

* Laboratory Manual of Organic Chemistry. (Walker.) zamo, z 00 

Hopkins's Oil-chemists' Handbook 8vo, 3 00 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, z as 

Keep's Cast Iron 8vo, a $0 

Ladd's Manual of Quantitative Chemical Analysis zamo, z 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo. 3 00 

* Langworthy and Austen. The Occurrence of Aluminium in Vege-able 

Products, Animal Products, and Natural Waters 8vo, a 00 

Lassar-Cohn's Practical Urinary Analysis. (Lorenz.) zamo, z 00 

Application of Some General Reactions to Investigations in Organic 

Chemistry. (Tingle.) zamo, z 00 

Leach's The Inspection and Analsrsis of Food with Special Reference to State 

Control 8vo, 7 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. .. .8vo, 3 00 

Low's Technical Method of Ore Analysis 8vo. 3 00 

Lunge's Techno-chemical Analysis. (Cohn. ) zamo z 00 
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* McKay and Lanen's Principles and Practice of Butter-making 8vo i 50 

Mandel's Handbook for Bio-chemical Laboratory i2mo, z 50 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe . . xamo, 60 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint) 

3d Edition, Rewritten 8vo, 4 00 

Examination of Water. (Chemical and BacteriologicaL) i2mo, 125 

Matthew's The Textile Fibres 8to, 3 50 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). .lamo, zoo 

Miller's Manual of Assaying zamo, z 00 

Cyanide Process zamo, z 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) .... zamo, 2 50 

Mixter's Elementary Text-book of Chemistry zamo, i 50 

Morgan's An Outline of the Theory of Solutions and its Results zamo, z 00 

Elements of Physical Chemistry zamo* 3 00 

* Physical Chemistry for Electrical Engineers zamo, z 50 

Morse's Calculations used in Cane-sugar Factories z6mo. morocco, z 50 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

VoL I Large 8vo, 5 00 

O'Brine's Laboratory Guide in Chemical Analysis 8vo, 2 00 

O'DriscoU's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) zamo, z 50 

•• " " •• Part Two. (TumbuU.) zamo, a 00 

« Penfleld's Notes oii Determinative Mineralogy and Record of Mineral Tests. 

8to, paper, 50 

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) 8to, 5 00 

Pinner's Introduction to Organic Chemistry. (Austen.) Z2ffl0: i 50 

Poole's Calorific Power of Fuels 8vo, 3 oa 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis zamo, 1 25 

* Reisig's Guide to Piece-dyeing 8vo, 25 00 

Richards and Woodman's Air, Water, and Food from a Sanitary Standpoint. .8vo • 2 00 
Ricketts and Russell's Skeleton Notes upon Inorganic Cheznistry. (Pari I. 

Non-metallic Elements.) 8vo, morocco. 75 

Ricketts and MiUer's Notes on Assaying 8to, 3 00 

Rideal's Sewage and the Bacterial Purification of Sewage. 8vo, 3 5a 

Disinfection and the Preservation of Food 8vo, 4 00 

Riggs's Elementary Manual for the Chemical Laboratory 8vo, r 25 

Robine and Lenglen's Cyanide Industry. (Le Clerc) 8vo, 4 00 

Rostoski's Serum Diagnosis. (Bolduan.) z2nio, i oa 

Ruddiman's Incompatibilities in Prescriptiozis 8yo, 2 oc 

* Whys in Pharmacy zamo, z oa 

Sabin's Industrial and Artistic Technology of Paints and Varnish. 8to, 3 00 

Salkowski's Physiological and Pathological Chemistry. (Omdorff.) 8vo, 2 50 

Schimpf*s Text-book of Volumetric Analysis. zamo, a 50 

Essentials of Volumetric Analysic zamo, z 25 

* Qualitative Chemical Analysis 8vo, z 25 

Smith's Lecture Notes on Chemistry for Dental Students 8yo, 2 50 

Spencer's Handbook for Chemists of Beet-sugar Houses. . . . .z6mo, morocco, 3 00 

Handbook for Cane Sugar Manufacturers. z6mo, morocco, 3 00 

Stockbridge's Rocks and Soils 8vo, 2 50 

* Tillman's Elementary Lessons in Heat 8vo, z 50 

* Descriptive General Chemistry 8vo, 3 00 

Treadwell's Qualitative Analysis. (HalL) 8vo, 3 00 

Quantitative Analysis. (Hall.) Svo, 4 00 

Turneaure and Russell's Public Water-supplies Svo, 5 00 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) zamo, z 50 

* Walke's Lectures on Explosives Svo, 4 00 

Ware's Beet-sugar Manufacture and Refining .Small Svo, cloth, 4 00 

Washington's Manual of the Chemical Analysis of Rocks Svo, a 00 
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'Vawennann'g Imimina Sera ; Hasmolysmft, Cytotozint, and Predpitiiis. (Bol- 

duan.) laino, too 

Weaver's Military Ezploeires. 8vo, 3 00 

Wehrenfennic's Analysis and Softening of Boiler Feed-Water 8vo, 4 00 

Wells's Laboratory Guide in Qualitative Chemical Analysis 8to, z 90 

Short Course in Inorganic Qualitative Chemical Analysis for Encineering 

Students zamo, i 50 

Text-book of Chemical Arithmetic lamo, z as 

Whipple's Microscopy of Drinking-water. Svo, 3 50 

Wilson's Cyanide Processes lamo, z 5Q 

Chlorination Process zamo, z 50 

Winton's Microscopy of V^etable Foods 8vo, 7 50 

Wulling's Elementary Course in Inoiganic, Pharmaceutical, and Medical 

Chemistry xamo, a 00 



CIVIL EKGINEERING. 

BRIDGES AlTD ROOFS. HYDRAULICS. MATERIALS OF EHGIHEERING. 

RAILWAY ENGIKEERUrG. 

Baker's Engineers* Surveying Instruments. zamot 

Bizby's Graphical Computing Table Paper zg^ \ 34^ inches. 

** Burr's Ancient and Modern Engineering and the Isthmian Cana ~ (Postage, 

a? cents additional ) 8vo, 

Comstock's Field Astronomy for Engineers. 8vo. 

Davis's Elevation and Stadia Tables. 8vo, 

EIliott's^Engineering for Land Drainage zamo. 

Practical Farm Drainage zamo, 

*Fiebeger's Treatise on Civil Engineering 8vo, 

Flemer's Phototopographic Methods and Instruments. 8vo, 

Folwell's Sewerage. (Designing and Maintenance.) 8vo, 

Freitag's Architectural Engineering, ad Edition, Rewritten 8vo, 

French and Ives's Stereotomy. 8vo» 

Goodhue's Municipal Improvements zamo, 

Goodrich's Economic Disposal of Towns' Refuse 8vo, 

Gore's Elements of Geodesy 8vo, 

Hayford's Text-book of Geodetic Astronomy 8vo, 

.Bering's Ready Reference Tables (Conversion Factors) x6mo, morocco, 

Howe's Retaining Walls for Earth lazno, 

* Ives's Adjustments of the Engineer's Transit and Level z6mo, Bds. 

Ives and Hihs's Problems in Surveying x6mo, morocco, 

Johnson's ( J. B.) Theory and Practice of Surveying Small 8vo, 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory. ) . zamo. 
Mahan's Treatise on Civil Engineering. (Z873O (Wood.) 8vo. 

* Descriptive (rcometry 8vo, 

Merriman's Elements of Precise Surveying and Geodesy 8vo, 

Merriman and Brooks's Handbook for Surveyors. z6mo, morocco, 

Ifugent's Plane Surveying 8vo, 

• Osden's Sewer Design zamo, 

Parsons's Disposal of Municipal Refuse 8vo, 

Patton's Treatise on Civil Engineering 8vo half leather. 

Reed's Topographical Drawing and Sketching 4to. 

Rtdeal's Sewage and the Bacterial Purification of Sewage. 8vo, 

Siebert and Biggin's Modem Stone-cutting and Masonry 8vo, 

Smith's Manual of Topographical Drawing. (McMillan.) 8vo, 

. Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, a 00 
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Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8yo, 

* Trautwine's Civil Engineer's Pocket-book x6mo, morocco, 

Venable's Garbage Crematories in America 8vo, 

Wait's Engineerinc and Architectural Jurisprudence 8vo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 

Sheep, 

Law of Contracts 8vo, 

Warren's Stereotomy — Problems in Stone-cutting 8vo, 

Webb's Problems in the Use and Adjustment of Engineering Instruments. 

zomo, morocco, 
Wilson's Topographic Surveying. 8vo, 



BRIDGES AND ROOFS. 

Boiler's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, a 00 

e Thames River Bridge 4to, paper, 5 00 

Burr's Course on the Stresses in Bridges and Roof Trasses, Arched Ribs, and 

Suspension Bridges 8vo, 3 50 

Burr and Falk's Influence Lines for Bridge and Roof Computations. 8vo, 3 o» 

Design and Construction of Metallic Bridges 8vo, 5 oo 

Du Bois's Mechanics of Engineering. VoL IL Small 4to, 10 c» 

Foster's Treatise on Wooden Trestle Bridges. 4to, 5 00 

Fowler's Ordinary Foundations 8vo, 3 5<^ 

Oreene's Roof Trusses. 8vo, z as 

Bridge Trusses. 8vo, a 50 

Arches in Wood, Iron, and Stone 8vo, a 50 

Howe's Treatise on Arches. 8vo, 4 oo;;^ 

Design of Simple Roof-trusses in Wood and SteeL 8vo, a 00 

Symmetrical Masonry Arches. 8vo, a 50 

Johnson, Bryan, and Tumeaure's Theory and Practice in the Designing of 

Ifodem Framed Structures. SziuU 4to, zo 00 

Merriznan and Jacoby's Text-book on Roofs and Bridges: 

Part I. S t re sses in Simple Trusses. 8vo, a 50 

Part n. Graphic Statics. 8vo, a 50 

Part m. Bridge Design 8vo, a 50 

Part IV. Higher Structures 8vo, a 50 

Morison's Memphis Bridge 4to, zo 00 

WaddeU's De Pontibus, a Pocket-book for Bridge Engineers. . z6mo, morocco, a 00 

* Specifications for Steel Bridges zamo, 50 

Wright's Desigziizig of Draw-spans. Two parts in one volume 8vo, 3 50 



HYDRAULICS. 

Barnes's Ice Formation 8vo, 3 oo> 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo, 

Bovey's Treatise on Hydraulics. 8vo. 

Church's Mechanics of Engineerizzg 8vo, 

Diagrams of Mean VekKity of Water in Open Channels paper. 

Hydraulic Motors. 8vo, 

Coflin's Graphical Solution of Hydraulic Problems z6mo, morocco, 

Flather's Dynamometers, and the Measurement of Power. lamo, 

Folwell's Water-supply Engineering 8vo, 

Frizell's Water-power 8vo, 
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Fuerte8*s Water and Public Health. • .lamo. x 50 

Water-filtration Works i2mo, 2 50 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.; 8vo, 4 00 

Hazen's Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst's Towers and Tanks for Water-works 8vo, a 50 

Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted* Metal 

Conduits 8vo, 2 00 

Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 00 

Merrlman's Treatise on Hydraulics 8vo, 5 00 

* Michie*s Elements of Analytical Mechanics 8vo, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Domestic Water- 
supply Large 8vo, 5 00 

*^ Thomas and Watt's Improvement of Rivers (Post., 44c. additional ) 4to, 600 

Turneaure and Russell's Public Water-supplies 8vo, 5 co 

Wegmann's Design and Construction of Dams 4to, 5 00 

Water-supply of the City of New York from 1658 to 1895 4to, 10 00 

Williams and Ha /.en's Hydraulic Tables 8vo» x 50 

Wilson's Irrigation Engineering Small 8vo, 4 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, 2 50 

Elements of Analytical Mechanics 8vo, 3 00 



MATERIALS OF ElfGINEERIIfG. 

Baker's Treatise on Masonry Construction 8vo, 

Roads and Pavements 8vo, 

Black's United States Public Works Oblong 4to, 

* Bovey's Strength of Materials and Theory of Structures 8vo, 

Burr's Elasticity and Resistance of the Bfaterials of Engineering 8vo, 

Byrne's Highway Construction 8vo, 

Inspection of the Materials and Workmanship Employed in Construction. 

x6mo. 

Church's Mechanics of Engineering 8vo, 

Du Bois's Mechanics of Engineering. Vol. I SmaU 4to, 

♦Eckel's Cements, Limes, and Plasters 8vo, 

Johnson's Materials of Construction Large 8vo, 

Fowler's Ordinary Foundations. 8vo, 

Graves's Forest Mensuration 8vo, 

* Greene's Structural Mechanics 8vo, 

Keep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Marten's Handbook on Testing Materials. (Henning.) a vols. 8vo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

Strength of Materials xamo, 

Metcalf* 8 Steel. A Manual for Steel-users xamo, 

Patton's Practical Treatise on Foundations 8vo, 

Richardson's Modern Asphalt Pavements 8vo, 

Richey's Handbook for Superintendents of Construction z6mo, mor., 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 

Rockwell's Roads and Pavements in France xamo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish. 8vo, 

Smith's Materials of Machines iamo« 

Snow's Principal Species of Wood 8vo, 
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Spalding's HydaouUc Cement zamo, 

Teit-book on Roads and Pavements lamo, 

Taylor and Thompson's Treatise on Concrete. Plain and Reinforced 8vo, 

Thurston's Materials of Engineering. 3 Parts 8vo. 

Part I. If on- metallic Materials of Engineering and Metallurgy 8vo, 

Part 11 Iron and SteeL 8vo, 

Part m. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 

Thurston's Text-book of the Materials of Construction 8vo, 

Tillson's Street Pavements and Paving Materials 8vo, 

Waddell's De Pontibus (A Pocket-book for Bridge Engineers.)- .i6mo, mor.. 

Specifications for Steel Bridges zamo» 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on 

the Preservation of Timber 8vo, 

Wood's (De V.) Elements of Analytical Mechanics 8vo, 

Wood's (M. P.) Rustless Coatings. Corrosion and Electrolysis of Iron and 

SteeL 8yo, 4 00 



JLAILW/iY ENGINEERING. 

Andrew's Handbook for Street Railway Engineers. . . .3x5 inches, morocco, x 35 

Berg's Buildings and Structures of American Railroads 4to, 5 00 

Brook's Handbook of Street Railroad Location i6mo, morocco, z 50 

Butt's Civil Engineer's Field-book. z6mo, morocco, a 50 

Crandall's Transition Curve i6mo, morocco, x 50 

Railway and Other Earthwork Tables. 8vo, x 50 

Dawson's "Engineering" and Electric Traction Pocket-book . i6mo, roorccco, 5 00 

Dredge's History of the Pennsyhrania Railroad: (x879'> Paper, 5 00 

* Drinker's TumxeUing, Explosive Compottnds» and Rock Drills. 4to, half mor., as 00 

Fisher's Table of Cubic Yards Cardboard, 35 

Godwin's Railroad Engineers' Field-book and Explorers' Guide. . . z6mo, mor., a 50 

Howard's Transition Curve Fiekl-book x6mo, morocco, i 50 

Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8vo, X 00 

Molitor and Beard's Manual for Resident Engineers. x6mo, i 00 

Nagle's Field Manual for Railroad Engineers i6mo, morocco. 3 co 

Philbrick's Field Manual for Engineers z6mo, morocco. 3 00 

Searles's Field Engineering i6mo, morocco, 3 00 

Railroad SpiraL i6mo, morocco, x 50 

Taylor's Prismoidal Formulss and Earthwork 8vo, x 50 

* Trautwine'B Method ot Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 2 00 

The Field Practice of Laying Out Circular Curves for Railroads. 

X3mo, morocco, 2 50 

Cross-section Sheet Paper, 35 

Webb's Raih-oad Construction. x6mo. morocco, s 00 

Economics of Railroad Construction Large ismo, 2 50 

Wellington's Economic Theory ot the Location of Railways Small Svo. 5 00 



DRAWING. 

Barr's Kinematics of Machinery 8vo 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

♦ •• *• " Abridged Ed 8vo, x 50 

>CooUdge's Manual of Drawing. • r. 8vo, paper, x 00 

9 



Coolidce and Freeman's Elemente of General Draftinc for Mechanical Enci- 

neers. Oblonj^ 4to 

Durley's Kinematics of Machines. 8vo 

Emch's Introduction to Projective Geometry and its Applications 8vo 

Hill's Text-book on Shades and Shadows, and Perspective 8vo 

Jamison's Elements of Mechanical Drawing 8vo 

Advanced Mechanical Drawing 8vo 

Jones's Machine Design : 

Part I. Kinematics of Machinery 8vo 

Part n. Form, Strength, and Proportions of Parts 8vo 

MacCord's Elements of Descriptive Geometry. 8vo 

Kinematics; or. Practical Mechanism. 8vo 

Mechanical Drawing 4to 

Velocity Diagrams 8vo 

MacLeod's Descriptive Geometry Small 8vo 

* Mahan's Descriptive Geometry and Stone-cutting. 8vo 

Industrial Drawing. (Thompson.) 8vo 

Moyer's Descriptive Geometry 8vo 

Reed's Topographical Drawing and Sketching 4to 

Reid's Course in Mechanical Drawing. 8vo 

Text-book of Mechanical Drawing and Bleiyentary Machine Design. 8vo 

Robinson's Principles of Mechanism. 8vo 

Schwamb and Merrill's Elements of Mechanism 8vo 

Smith's (R. S.) Manual of Topogimphical Drawing. (McMillan.) 8vo 

Smith (A. W.) and Marx's Machine Design. 8vo 

* Tittworth's Elements of Mechanical Drawing Oblong 8vo 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing, xamo 

Drafting Instruments and Operations. xamo 

Manual of Elementary Projection Drawing. xamo 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow xamo 

Plane Problems in Elementary Geometry xamo 

Primary Geometry xamo 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo 

General Problems of Shades and Shadows 8vo 

Elements of Machine Construction and Drawing 8vo 

Problems, Theorems, and Examples in Descriptive Geometry. 8vo 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Klein.) 8vo 

Whelpley's Practical Instruction in the Art of Letter Engraving. xamo 

Wilson's (H. M.) Topographic Surveying 8vo 

Wilson's (V. T.) Free-hand Perspective 8vo 

Wilson's (V. T.) Free-hand Lettering 8vo 

Woolf's Elementary Course in Descriptive Geometry. Large 8vo 
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ELECTRICITY AND PHYSICS. 

Anthony and Brackett's Text-book of Physics. (Magie.) Small 8vo, 

Anthony's Lecture-notes on the Theory of Electrical Measurements xamo, 

Benjamin's History of Electricity 8vo, 

Voltaic CelL 8vo. 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 

* Collins's Mamial of Wireless Telegraphy xamo, 

Morocco, 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 

Dawson's "Engineering" and Electric Traction Pocket-book. x6mo, morocco, 5 oa 

10 
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Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) i2mo, a 50 

Duhem's ThermodynamlcB and Chemistry. (Burgess.) 8vo, 4 Oq 

Flather's Dynamometers, and the Measurement of Power x2mo, 3 00 

Gilbert's De Magnete. (Mottelay.) 8vo, 3 50 

Hanchett's Alternating Currents Explained Z2mo, . x 00 

Bering's Ready Reference Tables (Conversion Factors) x6mo, morocco, a 50 

Holman's Precision of Measurements 8vo, 2 00 

Telescopic Mirror-scale Method, Adjustments, and Tests. . . .Large Svo, 75 

Kinzbrunner's Testing of Continuous-current Machines 8to, 2 00 

Landauer's Spectrum Analirsis. (Tingle.) 8vo, 3 00 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) xamo, 3 00 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

** Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and II. 8yo, each, 6 00 

* Micbie's Elements of Wave Motion Relating to Sound and Light 8yo, 4 00 

Hiaudet's Elementary Treatise on Electric Batteries. (Fishback.) lamo, 2 50 

* Parshall and Hobart's Electric Machine Design 4to, half morocco, za 50 

* Rosenberg's Electrical Engineering. (HaWane Qee — Kinzbnmner.). . .8vo, i 50 

Ryan, If orris, and Hozie's Electrical Machinery. VoL L 8yo, a 5a 

Thurston's Stationary Steam-engines 8to, a 50- 

* Tillman's Elementary Lessons in Heat 8vo, i 50 

Tory and Pitcher's Manual of Laboratory Physics. Small 8vo, a 00 

Ulke's Modem Electrolytic Copper Refining. 8to, 3 00 



LAW. 

* Davis's Elements of Law 8yo, 

* Treatise on the Military Law of United States. 8vo, 

e Sheep, 

Manual for Courts-xnartiaL i6mo, morocco. 

Wait's Engineering and Architectural Jurisprudence. Svo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture Svo, 

Sheep, 

Law of Contracts. 8vo» 

Winthrop's Abridgment of Military Law zamo, 



MANUFACTURES. 

Bemadou's Smokeless Powder — Illtro-«ellulose and Theory of the Cellulose 

Molecule zamo, 

Bollaad's Iron Founder zamo, 

The Iron Founder," Supplement zamo. 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 

Practice of Moulding zamo, 

Claassen's Beet-sugar Manufacture. (HaU and Rolfe.) 8vo, 

* Eckel's Cements, Limes, and Plasters Svo, 

Eissler's Modem High Explosives Svo, 

E£Front's Enzymes and their Applications. (Prescott.) Svo, 

Fitzgerald's Boston Machinist zamo. 

Ford's Boiler Making for Boiler Makers x8mo, 

Hopkin's Oil-chemists' Handbook Svo, 

Keep's Cast Iron. SvOf 

11 



a 


50. 


7 


00 


7 


SO- 


z 


SO 


6 


DO* 


6 


SO- 


5 


00 


5 50 


3 


00 


a 


50 



a 


50 


a 


50 


a 


so 


3 


00 


3 


00 


6 


00 


4 


00 


3 


00 


z 


00 


z 


00 


3 


00 


a 


SO- 



Leach's The Inspection and Analysis of Pood with Special Reference to State 

ControL Large 8vo, 7 So 

* McKay and Larsen's Principles and Practice of Butter-makinc 8vo, i 50 

llatthews's The Textile Fibres 8vo, 3 50 

Metcalf's Steel A Manual for Steel-users i2mo, 2 00 

Metcalfe's Cost of Manufactures — And the Administration of Workshops. 8vo, 5 00 

Meyer's Modem Locomotive Construction 4to, zo 00 

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, i 50 

* Reisig's Guide to Piece-dyeing 8vo, 25 op 

Rice's Concrete-block Manufacture 8vo, 2 00 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 00 

Smith's Press-working of Metals 8vo, 3 00 

Spalding's Hydraulic Cement. i2mo, 2 00 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo» morocco, 3 00 

Handbook for Cane Sugar Manufacturers x6mo, morocco, 3 00 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 5 00 

Thurston's Manual of Steam-boilers, their Designs* Construction and Opera- 
tion 8vo, 5 00 

* Walke's Lectures on Explosives. 8vo, 4 00 

Ware's Beet-sugar Manufacture and Refining Small 8vo, 4 00 

Weaver's Military Explosives 8vo, 3 00 

West's American Foundry Practice z2mo, 2 50 

Moulder's Text-book Z2mo, 2 50 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 00 



MATHEMATICS. 

Baker's Elliptic Fonctiont 8vo, 

* Bass's Elements of Differential Calculus z2mo, 

Briggs's Elements of Plane Analytic Geometry . . t2mo, 

Compton*s Manual of Logarithmic Computations ismo, 

Davis's Introduction to the Logic of Algebra 8vo, 

* Dickson's College Algebra Large x2mo, 

* Introduction to the Theory of Algebraic Equations Large z2mo, 

Emch's Introduction to Projective Geometry and its Applications 8vo, 

Habted's Elements of Geometry 8vo, 

Elementary Synthetic Geometry 8vo, 

Rational Geometry X2mo, 

* Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size. paper, 

100 copies for 
e Mounted on heavy cardboard, 8 X 10 inches, 

10 copies for 
Johnson's (W W.) Elementary Treatise on Differential Calculus. .Small 8vo, 

Elementary Treatise on the Integral Calculus Small 8vo, 

Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates i2mo, 

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations. 

Small 8vo, 
Johnson's (W. W.) Theory of Errors and the Method of Least Squares. i2mo, 

* Johnson's (W W.) Theoretical Mechanics Z2mo, 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory.) • i2mo, 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 

Trigonometry and Tables published separately Each, 

* Ludlow's Logarithmic and Trigonometric Tables. 8vo. 

Manning's Irrational Ilumbers and their Representation by Sequences and Series 

lamo z as 
12 
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Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward. Octavo, each i oo 

No. X. History of Modem Mathematics, by David Eugene Smith. 
No. a. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gififord Weld. No. 4. Hyper- 
bolic Functions, by James McMahon. No. 5. Harmonic Func- 
tionsi by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. Probability and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. xo. The Solution of Equations, 
by Mansfield Merriman. No. 11. Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Method of I«ast Squares 8vo, 2 00 

Rice and Johnson's Elementary Treatise on the Differential Calculus. . Sm. 8vo, 3 00 

Differential and Integral Calculus. 2 vols, in one Small 8vo, 2 50 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical x^mo, i 00 



MECHANICAL ENGINEERING. 

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice 1 2mo, 

Baldwin's Steam Heating for Buildings x2mo, 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing ,. 8vo, 

* " " " Abridged Ed 8vo, 

Benjamin's Wrinkles and Recipes x2mo, 

Carpenter's Experimental Engineering 8vo, 

Heating and Ventilating Buildings 8vo, 

■Gary's Smoke Suppression in Plants iising Bituminous Coal. (In Prepara- 
tion.) 

Clerk's Gas and Oil Engine Small 8vo, 

Coolidge's Manual of Drawing 8vo, paper, 

Coolidge and Freeman's Elements of General Drafting for Mechanical En- 
gineers Oblong 4to, 

Cromwell's Treatise on Toothed Gearing i2mo. 

Treatise on Belts and Pulleys x2mo, 

Durley's Kinematics of Machines 8vo, 

Plather's Dynamometers and the Measurement of Power i2mo. 

Rope Driving x2mo. 

Gill's Gas and Fuel Analysis for Engineers x2mo. 

Hall's Car Lubrication X2mo, 

Hering's Ready Reference Tables (Conversion Factors) x6mo, morocco. 

Button's The Gas Engine 8vo, 

Jamison's Mechanical Drawing 8vo, 

Jones's Machine Design : 

Part I. Kinematics of Machinery 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

Kent's Mechanical Engineers' Pocket-book x6mo, morocco, 

Kerr's Power and Power Transmission. 8vo, 

Leonard's Machine Shop, Tools, and Methods 8vo, 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean. ) . . 8vo, 
MacCord's Kinematics; or Practical Mechanism 8vo, 

Mechanical Drawing 4to. 

Velocity Diagrams, 8vo, 

13 
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HacFarland's Standard Reduction Factors for Gases. 8vo, 

Mahan's Industaial Drawing. (Thompson.) gyo, 

Poole's Calorific Power of Fuels 8vo, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Richard's Compressed Air lamo, 

Robinson's Principles of Mechanism 8to, 

Schwamb and Merrill's Elements of Mechanism 8to, 

Smith's (O.) Press-working of Metals 8vo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics . zamo. 

Warren's Elements of Machine Construction and Drawing 8vo, 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 
Klein.) 8vo. 

Machinery of Transmission and Governors. (Herrmann — Klein.). .8vo, 

Wolff's Windmill as a Prime Mover. 8vo, 

Wood's Turbines 8vo, 



MATERIALS OP EKGINEERIKG. 

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 so 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition. 

Reset 8vo, 7 50 

Church's Mechanics of Engineering 8vp, 6 00 

* Greene's Structural Mechanics 8vo, 2 50 

Johnson's Materials of Construction 8vo, 6 oa 

Keep's Cast Iron. 8vo, 2 50 

Lanza's Applied Mechanics. 8vo. 7 50 

Martens's Handbook on Testing Materials. (Henning.) 8vo, 7 s» 

Maurer's Technical Mechanics. 8vo» 4 oa 

Merriman's Mechanics of Materials 8vo, 5 oa 

Strength of Materials lamo, z oa 

Metcalf's SteeL A manual for Steelt-usexs. lamo, a oa 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 3 oa 

Smith's Materials of Machines. zamo, z oa 

Thurston's Materials of Engineering 3 vols., 8vo, 8 oa 

Part II. Iron and SteeL 8vo, 3 5a 

Part ni. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, a 5a 

Text-book of the Materials of Construction. 8vo, 5 oa 

Wood's (De y.) Treatise on the Resistance of Materials and an Appendix on 

the Preservation of Timber 8vo, a oa 

Elements of Analytical Mechanics. 8vo, 3 00 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Sted 8vo> 4 oa 



STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram zamo, z as 

Carnot's Reflections on the Motive Power of Heat (Thurston.). . . .zamo, z 50 

Dawson's "Engineering" and Electric Traction Pocket-book z6mo mor., 5 00 

Ford's Boiler Making for Boiler Makers z8mo, z 00 

Goss's Locomotive Sparks 8vo, a 00 

Hemenway's Indicator Practice and Steam-engine Economy zamo, a 00. 
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Sutton's Mechanicftl EncixMcrinc of Power Plants. Sto, 5 00 

Heat and Heat-encines. 8vo 5 00 

Kent's Steam boiler Economy 8vo» 4 00 

Kneass's Practice and Theory of the Injector 8yo, i 50 

MacCord's SIlde-Talves S\o, 2 00 

Mever's Modem Locomotive Construction 4to» zo 00 

Peabody's ^""w^ of the Steam-encine Indicator famo. i 50 

Tables of the Properties of Saturated Steam and Other Vapors Svo, z 00 

Thermodynamics of the Steam-engine and Other Heat-engines 8yo» 5 00 

Valve-gears for Steam-engines. 8vo, a 50 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Pray's Twenty Years with the Indicator Large 8vo, a 50 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) lamo, z as 

Reagan's Locomotives : Simple Compound, and Electric zamo, a 50 

Rontgen's Principles of Thermod3rnamlcs. (Du Bois.) 8vo, 5 o« 

Sinclair's Locomotive Engine Running and Management zamo, 2 00 

Smart's Handbook of Engineering Laboratory Practice. ,, zamo, a 50 

Snow's Steam-boiler Practice 8vo» 3 00 

-Spangler's Valve-gears 8vo, a 50 

Notes on Thermodynamics zamo» z 00 

Spangler, Oreene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thomas's Steam-turbines 8vo, 3 50 

Thurston's Handy Tables 8vo, z 50 

Manual of the Steam-engine a vols.» 8vo, zo 00 

Part L History, Structure, and Theory 8vo, 6 00 

Part n. Design, Construction, and Operation 8vo, 6 00 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo, 5 00 

Stationary Steam-engines. 8vo, a 50 

Steam-boiler Explosions in Theory and in Practice zamo, z 50 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, 5 00 

Wehrenfenning's Analysis and Softening of Boiler Feed-water (Patterson) 8vo, 4 00 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 00 

Whitham's Steam-engine Design. 8vo, 5 00 

Wood's Thermodynamics! Heat Motors, and Refrigerating Machines. . .8vo, 4 oo 



MECHAiaCS AND MACHINERY. 

Barr's Kinematics of Machinery 8vo, a 50 

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Chase's The Art of Pattern-making. lamo, a 50 

Church's Mechanics of Engineering. Svo, 6 00 

Notes and Examples in Mechanics Svo, a 90 

Compton's First Lessons in Metal-working zamo, z 50 

Compton and De Groodt's The Speed Lathe zamo, z 50 

Cromwell's Treatise on Toothed Gearing zamo, z 50 

Treatise on Belts and PuUejrs. zamo, z 50 

Dana's Text-book of Elementary Mechanics for Colleges and Schools . . zamo, z 50 

Dingey's Machinery Pattern Making zamo, a 00 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of Z893 4to half morocco, 5 00 

u Bois's Elementary Principles of Mechanics: 

VoL I. Kinematics 8vo, 3 50 

Vol. n. Statics Svo, 4 00 

Mechanics of Engineering. Vol. I Small 4to, 7 50 

VoL IL Small 4to, zo 00 

J>ttrley's Kinematics of Machines. Svo, 4 00 
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Fltzcerald's Boston Machinist. i6mo, x oo 

FlAther's Dymunometers, and the Measurement of Power. xamo, 3 00 

Rope DriTtng lamo, 2 00 

Gon*8 Locomotive Sparks 8vo. a 00 

* Oreenets Structural Mechanics 8vo, a 50 

Hall's Car Lubrication xamo, x 00 

HoUy's Art of Saw Filing x8mo, 75 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Small 8to, a 00 

* Johnson's (W. W.) Theoretical Mechanics. xamo, 3 o^ 

Johnson's (L. J.) Statics by Graphic and Algebraic Methods % . . .8to, a 00 

Jones's Machine Design: 

Part I. Kinematics of Machinery Svo, i 50 

Part n. Form, Strength, and Proportions of Parts 8vo, 3 00 

Kerr's Power and Power Transmission. 8vo, a 00 

Lanza's Applied Mechanics 8vo, 7 50 

Leonard's Machine Shop, Tools, and Methods 8to, 4 00 

* Lorenz's Modem Refrigerating Machinery. (Pope, Haven, and Dean.).8vo, 4 00 
MacCord's Kinematics; or. Practical Mechanism. 8vo, 5 00 

Velocity Diagrams. 8vo, x 50 

* Martin's Text Book on Mechanics, VoL I, Statics xamo, i as 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Mechanics of Materials 8vo« 5 00 

* Elements of Mechanics xamo, x 00 

* Michie's Elements of Analytical Mechanics. 8vo, 4 00 

* Parshall and Hobart's Electric Machine Design 4to, half morocco, xa 50 

Reagan's Locomotives Simple, Compound, and Electric xamo, a 50 

Reid's Course in Mechanical Drawing 8vo, a 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Richards's Compressed Air xamo, x 50 

Robinson's Principles of Mechanism 8vo, 3 00 

Ryan, Norris, and Hozie's Electrical Machinery. VoL 1 8vo, a 50 

Sanborn's Mechanics : Problems Large xamo, x 50 

Schwamb and Merrill's Elements of Mechanism. 8vo, 3 00 

Sinclair's Locomotive-engine Running and Management. xamo, 2 00 

Smith's (O.) Press-working of Metals 8vo, 3 00 

Smith's (A. W.) Materials of Machines. xamo, x 00 

Smith (A. W.) and Marx's Machine Design 8vo, 3 00 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work 8vo, 3 00 

Animal as a Machine and Prime Motor, and the Lawc of Energetics, i amo, i 00 

Warren's Elements of Machine Construction and Drawing 8vo, 7 50 

Weisbach's Kinematics and Power of Transmission. (Herrmann — Klein. ).8vo, 5 00 

Machinery of Transmission and Governors. (Herrmann — Klein.). 8vo, 5 00 

Wood's Elements of Analytical Mechanics 8vo, 3 00 

Plinciples of Elementary Mechanics xamo, x as 

Turbines 8vo, a 50 

The World's Columbian Exposition of 1893 4to, x 00 



METALLURGY. 

Egleston's Metallurgy of Silver. Gold, and Mercury - 

Vol. L Silver 8vo, 7 So 

VoL IL Gold and Mercury 8vo, 7 50 

Goesel's Minerals and Metals: A Reference Book x6mo, mor. 3 00 

** Iles's Lead-smelting. (Postage q cents additionaL) xamo, a 50 

Keep's Cast Iron 8vo, a 50 
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Kunhardt's Practice of Ore Dreminc in Europe 8vo, z 50 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess. )iamo. 3 00 

Metcalf' s SteeL A Manual for Steel-users i2mo, 2 00 

Miller's Cyanide Process X3mo, z 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). . . . z3mo, 2 50 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Smith's Materials of Machines lamo, i 00 

Thtirston's Materials of Engineering. In Three Parts 8vo, 8 00 

Part II. Iron and SteeL 8vo, 3 50 

Part ni. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 870, 2 50 

Ulke's Modem Electrolytic Copper Refining 8yo, 3 00 



Mn?ERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 

Boyd's Resources of Southwest Virginia 8vo, 

Map of Southwest Virignia Pocket-book form. 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 

Chester's Catalogue of Minerals. 8vo, paper, 

Cloth, 

Dictionary of the Names of Minerals Svo 

Dana's System of Mineralogy Large Svo, half leather 

First Appendix to Dana's New " System of Mineralogy." Large Svo, 

Text-book of Mineralogy Svo, 

Minerals and How to Study Them i2mo. 

Catalogue of American Localities of Minerals Large Svo, 

Manual of Mineralogy and Petrography i2mo, 

Douglas's Untechnlcal Addresses on Technical Subjects i2mo, 

Eakle's Mineral Tables Svo, 

Egleston's Catalogue of Minerals and Synonyms Svo, 

Goesel's Minerals and Metals : A Reference Book i6mo,mor.. 

Groth's Introduction to Chemical Crystallography (Marshall) . i2mo. 

Hussak's The Determination of Rock-forming Minerals. (Smith.). Small Svo, 
Merrill's Non-metallic Minerals* Their Occurrence and Uses Svo, 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

Svo, paper, 50 
Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) Svo, 5 00 

* Tillman's Text-book of Important Minerals and Rocks. Svo, 2 00 
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Beard's Ventilation of Mines zamo. 2 50 

Boyd's Resources of Southwest Virginia Svo, 3 00 

Map of Southwest Virginia Pocket-book form 2 00 

Douglas's Untechnical Addresses on Technical Subjects z2mo, z 00 

* Drinker's Tunneling, Explosive Compounds, and Rock Drills. .4to,hf. mor., 2% oc 

Eissler's Modern High Explosives ^"y-* 4 • '• 

Goesel's Minerals and Metals r A Reference Book z6mo, mor. 3 00 

Goodyear's Coal-mines of the Western Coast of the United States z2mo, 2 50 

Ihlseng's Manual of Mining Svo, 5 00 

** Iles's Lead-smelting. (Postage gc. additional.) Z2mo, 2 50 

Kunhardt's Practice of Ore Dressing in Europe Svo, z 50 

Miller's Cyanide Process. z2moi z 00 

17 



'0'DriscoJl*B Notes on the Treatment of Gold Ores. 8to, a oo 

Robine and Lenglen's Csranide Industry. (Le Clerc.) 8to, 4 00 

* Walke's Lectures on Explosives 8vo, 4 00 

Weaver's Military Explosives 8vo, 3 00 

Wilson's Cyanide Processes zamo, i 50 

Cblorination Process lamo, i 50 

Hydraulic and Placer Mining lamo, 2 00 

Treatise on Practical and Theoretical Mine Ventilation. lamo, i as 



SANITARY SCIENCE. 



Bashore*s Sanitation of a Country House zamo 

* Outlines of Practical Sanitation. xamo 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) 8vo 

Water-supply Engineering 8vo 

Fowler's Sewage Works Analyses lamo 

Fuertes's Water and Public Health xamo 

Water-filtration Works. xamo 

Gerhard's Guide to Sanitary House-inspection i6mo 

Goodrich's Economic Disposal of Town's Refuse Demy 8vo 

Hazen's Filtration of Public Water-supplies 8vo 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control ' 8vo 

Mason's Water-supply. (Considered principally from a Sanitary Standpoint) 8vo 

Examination of Water. (Chemical and Bacteriological) xamo 

Ogden's Sewer Design xamo 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis lamo 

* Price's Handbook on Sanitation xamo 

Richards's Cost of Food. A Study in Dietaries xamo 

Costcof Living as Modified by Sanitary Science xamo 

Cost of Shelter xamo 

Richards and Woodman's Air, Water, and Food from a Sanitary Stand- 
point. '. 8vo 

* Richards and Williams's The Dietary Computer 8vo 

Rideal's Sewage and Bacterial Purification of Sewage 8vo 

Turneaure and Russell's Public Water-supplies 8vo 

Von Behring's Suppression of Tuberculosis. (Bolduan.) xamo 

Whipple's Microscopy of Drinking-water 8vo 

Winton's Microscopy of Vegetable Foods 8vo 

Woodhull's Notes on Military Hygiene x6mo 

* Personal Hfgiene xamo 



MISCELLANEOUS. 

De Fursac's Manual of Psychiatry. (Rosanoff and Collins.) Large xamo, 

Ehrlich's Collected Studies on Immunity ( Bolduan) 8vo, 

Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large 8vo, 

Ferrel's Popular Treatise on the Winds. 8vo- 

Haines's American Railway Management xamo, 

Mott's Fallacy of the Present Theory of Sound x6mo, 

Ricketts's History of Rensselaer Polytechnic Institute, x8a4~x894.. Small 8vo, 

Rostoski's Serum Diagnosis. (Bolduan.) xamo. 

Rotherham's Emphasized New Testament. Large 8vOt 
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Steel's Treatise on the Diseases of the Doe. 9yo, 3 50 

The World's Columbian Exposition of 1893 4tOy x 00 

Von Behriog's Suppression of Tuberculosis. (Bolduan.) xamo, z 00 

Wlnslow's Elements of Applied Microscopy lamo, z 50 

Worcester and Atkinson. Small Hospitals, Establishment and Maintenance; 

Suggestions for Hospital Architecture: Plans for Small Hospital. z3mo» z 25 



HEBREW Aim CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar xamo« z as 

Hebrew Chrestomathy Svo, a 00 

Gesenius's Hebrew and Chaidee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to» half morocco. 5 00 

Letteris's Hebrew Bible. S^o, a as 
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